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ADDRESS OF THE PRESIDENT: 
RELAPSE IN PULMONARY TUBERCULOSIS 


H. LONGSTREET TAYLOR 


The relapsing character of pulmonary tuberculosis in cases that have 
been discharged from treatment is both realized and feared by the medi- 
cal profession. The study of pulmonary tuberculosis by means of serial 
X-ray plates and observations of experimental tuberculosis in laboratory 
animals proves that caseous tubercle may heal by resolution and disappear. 
Unfortunately such complete healing is not the rule but the exception. 

The largest proportion of all relapses occur during the first twelve 
months after discharge, about half as many during the second year, and 
at a rapidly decreasing rate during subsequent years. An absolute 
assurance that all danger of a relapse has passed can never be given to a 
patient. Osler said, “Benefit is usually a matter of months, complete 
arrest a matter of years, absolute cure a matter of many years.” All 
apparent relapses are not true relapses, but are evidence of the inherent 
chronicity of the disease in cases that have apparently improved for a 
time, but in which the diseased areas have neither healed by resolution 
nor been encapsulated by the slow process of connective-tissue hyper- 
plasia, and after an uncertain interval, in which no change has been 
apparent, tubercle has once more begun to spread. Such cases are but 
examples of insufficient treatment, and evidence that our standards, by 
which the condition of the patient is gauged at the time of discharge, 
need revision. Premature discharge of the patient is but an invitation 
for trouble, since the length of treatment bears an inverse relationship to 
the percentage of relapses. Relapses are due to attacks of intercurrent 
disease, serious accidents, childbearing and lactation, to disobedience of 
the rules in regard to proper methods of work or play, to mental or physi- 
cal fatigue, to a return to an unhygienic environment, and to many other 
devious wanderings from the straight and narrow way. 

Unavoidable relapses are also spoken of. Serial X-ray plates during 


1 Delivered at the twenty-fourth annual meeting of the National Tuberculosis Association, 
Portland, Oregon, June 19, 1928. 
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2 H. LONGSTREET TAYLOR 


the dangerous months after discharge show renewed activity at a time 
when a little rest can check it. So called dry apical cavities are veritable 
mines charged with high-explosive possibilities. They should be closed, 
surgically if they do not yield to cicatrization, before the patient is 
discharged. 

This subject brings us to the contemplation of the weakest link in our 
antituberculosis work,—the period when treatment is dispensed with 
and the patient is largely his own guide. The outcome will, in doubtful 
cases, depend upon the education the patient has had in regard to the 
nature of his disease, the dangers he faces and the measures he must adopt 
to keep well, and his willingness to be guided by this education. He 
may have been treated at home, or preferably sent to a sanatorium, for 
his schooling. The objective of all treatment is to educate him in new 
habits of living. ‘The measure of a successfully treated case of tuberculo- 
sis is the degree to which that individual changes his old living habits for 
new ones, and the measure of the usefulness of an institution is the per- 
centage of its patients who carry out its teachings after discharge. 

The educational value of a sojourn in a sanatorium is greatly increased 
by the fact that all the patients are doing the same things, and thus the 
latest arrivals are inducted into the secrets of the new life by example 
rather than by precept and learn by practice rather than by theory. The 
fact, that such a large percentage of the inmates of his new world are 
resting in bed for indefinite periods, soon makes an almost impossible exist- 
ence in terms of home life seem quite the thing. In addition to the teach- 
ings of the staff, the decalogue of hygienic Thou shalt nots, as wellas numer- 
ous Thou shalts, the lessons learned from the mistakes of omission and 
commission of other inmates, and the quick retribution that often follows 
them, occasionally resulting in the much dreaded haemorrhage, are of a 
peculiarly instructive character. The common mistake of going home 
prematurely against advice, and the news of the relapse induced thereby, 
is an object lesson which most sanatorium patients have seen enacted 
before their eyes. 

The constant reappearance of discharged patients who come back for 
reéxaminations is another valuable lesson to those still under treatment, 
and has, at Pokegama Sanatorium at least, made the teaching and super- 
vision of a safe and sane postsanatorium life much easier. Patients 
should return to the sanatorium at stated intervals for examinations by 
the man who is most intimately acquainted with them, has their entire 
history with their serial X-ray plates, and consequently is most familiar 
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with their individual characteristics as well as with the location and ex- 
tent of their tuberculosis. He is probably the only one who would recog- 
nize minimal changes, who could prognosticate an extension, when a 
month or two in bed might prevent a serious relapse, and is consequently 
the safest guide. Dr. Heise appreciated this when he urged the erection 
of a rest or vacation lodge to which ex-patients might be admitted for 
examination and when necessary given short terms of treatment to ward 
off a threatened relapse. 

Frequent periodic examinations, in view of the relapsing character of 
tuberculosis, are of vital importance to the individual; hence the value of 
every reappearance of old inmates to the patients who are taking their 
course of educational treatment in the institution. 

The strengthening of this weakest link must evidently be begun by 
prolonging the time of sanatorium residence and by the more careful 
study of candidates for graduation. Granted that his condition, as shown 
by the weight and temperature charts, the physical-examination records, 
and serial X-ray plates are all satisfactory, there is still another test of 
the patient’s fitness that he should be required to meet before his dis- 
charge. That is his ability to endure at least as much muscular activity 
as will be required of him when he returns to his home. 

At Pokegama Sanatorium walking is the exercise required. Two 
hours both morning and afternoon is regarded as sufficient if no fatigue 
reaction is produced and the patient has walked four hours a day for a 
month. 

A prolonged rest cure should be followed by a gradual hardening of mind 
and body to recover from the resulting mental and physical flabbiness. 
In short we need a cure to end the cure, which the committee of this Asso- 
ciation on after-care has very aptly termed the third stage of treatment. 

Pokegama patients, if their homes are within reasonable distance of 
the sanatorium, are urged to come back every month for examination, 
an interval that is gradually lengthened; but they are not excused from 
these pilgrimages entirely until they have weathered the crucial first 
two years and have successfully returned to a normal life. Patients liv- 
ing at a distance are sent back to their physicians with urgent requests 
for frequent reports and exact statements of amount and kind of exercise, 
whether work or play, and its effects. 

The beneficent results of constant supervision during the critical 
period after discharge are shown by the report from the sanatorium of the 
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Metropolitan Life Insurance Company, that of 896 discharged patients 
80 per cent were at work seven years afterward. 

The danger to unsupervised patients was shown by a survey in New 
York City of sanatorium ex-patients of the working class. This survey 
disclosed that 52 per cent of this group had relapsed within a year after 
leaving the sanatorium. The employees of the Metropolitan Life In- 
surance Company were most carefully guided; the others were actually 
deserted in the midst of snares and pitfalls, and preordained to mis- 
fortune. 

All patients are not financially able to return to the sanatorium as often 
as reéxaminations are necessary. It is therefore imperative that a system 
of after-care be developed, the cost of which is not prohibitive, and which 
will allow the patient to earn as much as his condition warrants, near 
home under skilled supervision. 

A rehabilitation service must be installed to carry the patient on his 
Pilgrim’s Progress toward the delectable mountains, having safely 
passed through the Valley of the Shadow of Death at the sanatorium. 

Mr. F. G. Elton, New York State Rehabilitation Bureau, has said, 
“In rehabilitation work we have a goal and an aim, placement, without 
which the work of the doctor, nurse, social service worker, occupational 
therapist, instructor, and rehabilitation advisor is disjointed, conflicting 
and wasted effort.’”” From the disclosures of the pitiable condition of 
the sanatorium ex-patient when turned loose without a guide to steer 
him back to industry, made in reports of surveys in Boston, New York, 
Minneapolis and other places, Mr. Elton should have added the entire 
question of after-care to the list of disjointed, conflicting and wasted 
efforts. 

The patient who is given sheltered employment in the sanatorium, a 
postgraduate course, is as fortunate as a breast-fed infant in a well-to- 
do-family. There is no plan as safe and satisfactory to both physician 
and patient as this. It is to be regretted that only such a comparatively 
limited number can be so favored. 

The farm or working-colony plan is now as old as the century. It has 
proved to be an excellent institution for the third period of treatment, but 
far too costly for widespread application. Even if every discharged pa- 
tient fit to return to part-time employment could be offered an opportu- 
nity to go to such a colony, the very fact that it would mean prolonged 
absence from home and family would deter a great many from accepting 
the offer. 
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In each state there would have to be from one-third to one-half as many 
beds in such colonies as there are in existing sanatoria at only a slightly 
decreased per capita cost in plant, equipment and maintenance. Even if 
the states could be induced to make such an enormous outlay, the colony 
plan would not meet the requirements of the problem because of its 
limited appeal. 

For patients who are not well to do and who are forced to return to a 
gainful occupation at the earliest possible moment, the very excellent plan 
of the Hennepin County Tuberculosis Association of Minneapolis, which 
has been in use now for almost three years, deserves careful consideration. 

The Placement Department undertakes both the placement and super- 
vision of tuberculosis patients residing in Hennepin County discharged 
from sanatorium or dispensary, or by a private physician. The patient 
must bring a written statement of his condition on discharge and of his 
working ability. This statement is the foundation upon which the place- 
ment officer gives his advice and begins his service, which is a typical 
case work procedure. A tuberculosis dispensary provides the very im- 
portant element of medical and nursing supervision, and the placement 
supervisor sees to it that the patient is regular in his attendance at the 
dispensary. The placement officer, with a wide acquaintance among 
employers of labor, keeps a record of those willing to codperate with him. 
If it is impossible for the patient to continue in a line of work with which 
he is familiar, he is given training in order that he may be able to take 
up something more suitable to his condition. Two or three short-time 
workers may be put at one machine, each one to work his allotted time 
and thus keep the machine going all day. Such an arrangement having 
been made, the proprietor is visited from time to time to see if the workers 
are satisfactory,— a very important detail, as a workshop would soon be 
closed to part-time workers if they proved unsatisfactory. 

A boarding house for homeless ex-patients has recently been opened. 
If without means, they are given their bed and board until their increased 
earning power makes it possible for them to pay. 

When a workshop has been secured, in which part-time workers can 
be employed, the plant will be complete. 

Under the skilful direction of Mr. R. R. Rosell this plan is proving most 
satisfactory. The necessary funds come from the Seal Sale, and it would 
be difficult to find a more suitable work in which to invest them. When 
such demonstrations have proved the value of a placement bureau and 
shown that it is an insurance against relapse, the state, county, or city 
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authorities can be induced to add this invaluable service to the other anti- 
tuberculosis activities now so generally provided. 

At the present time our sanatoria are turning out an unnecessarily 
raw, unfinished, inartistic product. Patients are discharged too soon 
and with but meagre understanding of how they can safely return to 
industry. For the vast majority there is no one for them to turn to for 
help and advice during this period of readjustment. Sheltered employ- 
ment is the only variety of work that is even reasonably safe for them. 
Without some such organization to give them the necessary service how 
can they procure it? Many of them, meeting with no sympathetic 
understanding of their requirements, either give up entirely until a re- 
lapse is brought on by worry and ever increasing poverty, or they go back 
at once to full-time employment with the usual result. 

Such a service, to be successful, implies a constant guiding care from 
intelligent supervisors over every large town and its neighboring rural 
district under the local or state sanatorium commission. Where a 
thoroughly equipped health unit exists, this work should be undertaken by 
it. The supervisor should be an enthusiast, thoroughly informed on the 
industrial side, and also a specialist in social service as applied to the 
tuberculous. 

State rehabilitation agents might do this work, if their appropriations 
should ever become large enough to allow them to give this class of the 
handicapped the amount of personal attention they require. The very 
limited perfunctory service now rendered by most of the state depart- 
ments is worse than useless. 

Every community supporting a tuberculosis sanatorium should insure 
itself against the ruinous expense of relapses. Every relapse doubles the 
cost of that case. Every relapse lessens the value of sanatorium treat- 
ment in the eyes of the public, and hence the usefulness of the plant to 
the community. As the incidence of relapse increases, the protection 
to the community decreases, because of the ever-increasing difficulty of 
concentrating open dangerous cases in an institution whose fruit grows 
less palatable with time. 

The cost of the third period of treatment by such a rehabilitation or 
placement service, as outlined above, would be trifling compared to the 
cost of caring for relapse after relapse in the same case, the result of 
allowing discharged cases to set sail without chart or pilot. 


MASSIVE COLLAPSE (ATELECTASIS) ASSOCIATED WITH 
PULMONARY TUBERCULOSIS AND TUMOR 


EDWARD N. PACKARD! 


W. Pasteur, of England, first drew attention to massive pulmonary 
collapse in 1890. He observed the complication in 34 cases of post- 
diphtheritic paralysis of the diaphragm. Seven of these came to autopsy 
and showed collapse of pulmonary tissue. The deflation, or atelectasis, 
was more or less symmetrical, affecting chiefly the bases of the lungs, but 
at times involving almost the whole of one or both lungs. Eighteen 
years later he reported finding at autopsy a partially airless condition of 
one or both lower lobes of the lungs of three postoperative patients dying 
of peritonitis, and made the suggestion that some of the postoperative 
pulmonary complications, usually diagnosed as pneumonia, pleural 
effusion or infarct, were in reality a collapse of lung tissue. In 1910 he 
first described a case of postoperative massive collapse and later reported 
16 others following 2,000 operations in the Middlesex Hospital. 

During the World War Bradford found massive collapse of the lungs 
in from 5 to 10 per cent of cases suffering from chest wounds, penetrating 
or nonpenetrating. 

Scrimger was the first in America (1921) to report on postoperative 
massive collapse. He described 10 cases. Scott, in 1925, completely 
reviewed the subject, and collected from the literature 64 cases. 

Relatively few instances have been reported of massive pulmonary 
collapse occurring in nonsurgical conditions. Besides Pasteur’s series of 
cases with paralysis of the diaphragm, Golden has shown the gradual 
development of massive atelectasis caused by obstruction of the bron- 
chus by tumor; and Farris has described 6 cases of atelectasis of the 
lungs associated with tuberculosis or tumor. 


ETIOLOGY 


The etiology of massive pulmonary collapse has provoked much dis- 
cussion because in most instances no obstruction of the air-way has been 


1 Saranac Lake, New York. 
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found. Pasteur assumed that it was due to paralysis of the diaphragm; 
Bradford and Briscoe believe that an immobile diaphragm and restricted 
respiratory excursion are important factors. Hirschboeck believes that 
no single factor is responsible, but that immobilization, recumbent pos- 
ture, restriction of the respiratory excursion, collections of mucus in the 
bronchi, which tend to. obstruct the ingress of air into the bronchioles, 
lead to ultimate absorption of alveolar air. Manges suggests that an 
inflammatory process in the terminal branches of the bronchi occludes 
their lumina, and that an atelectasis of the distal alveoli results. This 
observation is supported by Lee, Jackson and Tucker, who have shown 
by bronchoscopic examination, and also postmortem observations, that 
at least some of the cases of postoperative massive collapse are caused by 
tenacious fibrinous exudate in the bronchi. 

Jackson and Manges have often seen massive atelectasis produced by 
the plugging of a bronchus by an aspirated foreign body and the im- 
mediate disappearance of the condition after its removal. Scott suggests 
that the pulmonary collapse may be due to a reflex blocking of the finer 
air-passages, quite possibly of vasomotor origin. 

Lichtheim in 1876 produced massive atelectasis by plugging the main 
bronchus in experimental animals, and Andrus obtained the same results 
by ligation of the bronchus. Andrus found that within three days after 
bronchial ligation the lung became completely atelectatic; within four 
months there was marked fibrosis. The lung was shrunken to about one-: 
eighth to one-tenth of its normal size, bluish-red in color and of liver-like 
consistence. The bronchi were not dilated. 


CLASSIFICATION 


Cases of massive pulmonary collapse (atelectasis) may be attend 
divided into four groups: 


Group 1: Those cases described by Pasteur complicating diphtheritic paralysis 
of the diaphragm. 
Group 2: Massive pulmonary collapse following operations or gunshot wounds 


of the chest. 

Group 3: Massive collapse produced by obstruction of a bronchus by aspirated 
foreign body or by tumor. 

Group 4: Massive collapse complicating chronic pulmonary disease, particu- 
larly tuberculosis. 


The cases here to be reported belong to groups 3 and 4. 
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MASSIVE COLLAPSE WITH TUBERCULOSIS 


SYMPTOMS AND SIGNS OF POSTOPERATIVE MASSIVE COLLAPSE 


The onset is usually within twenty-four or forty-eight hours after 
operation. There may be pain in the chest, cough, expectoration, 
tachycardia, dyspnoea, cyanosis and elevation of temperature. The 
abruptness with which these symptoms appear suggests the nature of 
the condition, which is confirmed by the typical physical and roentgeno- 
logical findings. The prominent physical signs are immobility or re- 
traction of the affected side of the chest, marked dulness, displacement of 
the heart and trachea toward the involved side, and elevation of the 
corresponding diaphragmatic leaf. 

The breath-sounds over the collapsed side are usually temporarily 
suppressed: feeble breathing, at times bronchial, first appears; then 
loud bronchial breathing; and finally, as complete expansion is attained, 
the breath-sounds resume their normal quality. If rales are present 
they are usually of the coarse and musical variety. 

On the roentgenograph the atelectatic lung is represented by a dense, 
uniform shadow, and the associated displacement of the mediastinum 
and diaphragm is definitely revealed. Under the fluoroscope the affected 
leaf of the diaphragm is seen to be immobile or very limited in its motion. 


TERMINATION 


Postoperative pulmonary collapse may disappear abruptly within a 
few hours or gradually subside within two weeks. The complication 
itself is not dangerous to life, but at times the atelectatic area is the site 
of a pneumonia which may terminate fatally (Elwyn). Pulmonary 
collapse may be complicated by dry pleurisy, but effusions are rare. 


TREATMENT 


The treatment is symptomatic. Sante has seen, by fluoroscope, the 
immediate reéxpansion of the lung when the patient was placed on the 
unaffected side and rolled back and forth. During the procedure the 
patient gives several coughs. 

The discussion thus far has dealt with the classical picture of pulmo- 
nary collapse following operation. The cases here to be reported exhibited 
the typical findings of massive collapse, but in none did an operation 
precede the appearance of the anomaly. 
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Fic. 1. Case 1. Showing fibroid tuberculosis left upper lobe previous to massive collapse. 

Fic. 2. Case 1. After massive collapse. Trachea and right cardiac border outlined. 

Fic. 3. Case 1. Section through both lungs. Left small and atelectatic and covered with 
thickened pleura. Differentiation between lung and pleura outlined in ink. At X is the 
bronchial stenosis. The lung is carnified and shows irregular, tortuous and dilated bronchi. 
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MASSIVE COLLAPSE WITH TUBERCULOSIS 


Case Reports 


CASE 1: Mrs. E. W.; age, 25. First seen July 5, 1921. Had fibroid tubercu- 

osis, involving upper third of left lung, and with small cavity; complicated by 
chronic tuberculous laryngitis. Sputum positive for tubercle bacilli. Symp- ' 
toms mild, and patient able to do her housework. Chest signs as follows: 
Right: Impaired resonance at apex; occasional fine rales same area. Left: 
Cardiac impulse slightly to left. Impaired resonance front and back. En- if 
feebled breathing throughout; absent at extreme base. Signs of cavity below ‘ji 
clavicle. Scattered coarse rales to 4th rib and 5th vertebral spine. 

During following three years physical signs remained practically the same. 
X-ray, taken September 28, 1923, shown in figure 1. In August, 1924, patient 
became short of breath, and had feeling of weight and constriction in left chest. IL 
Cough, previously productive, now severe and unproductive. Patient nau- iE 
seated, and vomited frequently. Twenty-four hours after these symptoms 
occurred, chest examination showed following signs: Right: Few fine rales at 
apex. Left: Apex-beat of heart in midaxillary line. Limited chest move- a 
ment. Flatness both front and back. Loud bronchial breathing and pectorilo- I 
quy over entire left chest, with cavernous breathing opposite 3rd to Sth ver- 
tebral spines. Only occasional coarse rale heard. X-ray (figure 2), taken 
September 12, 1924, shows dense, homogeneous shadow throughout left chest. 
Trachea markedly displaced. Right border of heart seen to left of spinal 
column, and diaphragm elevated. Diagnosis of massive collapse made. Acute 
symptoms subsided within few days, and patient continued in fairly good 
health for two years. Chest signs did not change. 

On June 20, 1926, patient developed nausea and severe and continuous 
vomiting; there was cough with expectoration of bloody sputum. Had two 3 
small haemoptyses. Temperature 101°. Physical signs of left chest same as a 
on previous examinations, but right lung showed evidence of bronchopneu- 4 
monia involving upper lobe. X-ray confirmed the diagnosis. Total daily 
urine very scanty, and toward the end completely suppressed; it showed an ‘ 
enormous number of pus cells. Blood Count: Leucocytes 36,800; polymor- f 
phonuclears, 89 per cent. The patient died ten days after onset of acute 
symptoms. 

Autopsy: Chief points of interest were as follows: An enormously hyper- 
trophied right lung which encroached upon the left lung, and pushed the right 4 
diaphragm down, so that the liver border was a hand-breadth below the 
costal margin. This lung on section showed the upper and middle lobes to be 
in a state of red hepatization. The pneumonia, on microscopic examination, 
proved to be tuberculous. To quote from the autopsy record (see figure 3): 


The left lung is about the size of the hand. In color it is dark bluish-red and its consist- 
ence is very firm except over the apical cavity. On section the tissue is generally firm and 
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carnified. The trunks, pleura and septa are accentuated by fibrosis. Immediately beneath 
the apical pleura is a thin-walled cavity, 2.5 x 1 x 1 cm. in diameter, with a smooth lining. 
Somewhat below and mesial to this cavity is a mass of calcification embedded in deeply anthra- 
cotic tissue. Possibly this formation is a lymph node. Surrounding these structures the 
tissue is generally fibrosed and contracted. 

The descending stem bronchus is thickened and its lumen is greatly compressed. Its mucosal 
surface is redundant and deeply injected. The smaller bronchial branches to this lobe are 
thick and show a tendency to fusiform dilatation. There is a series of small bronchiectatic 
cavities located beneath the mesial pleura of the lower lobe at the level of the junction of the 
middle and lower thirds. Scattered throughout the lower lobe are small foci of calcification. 


The tracheobronchial lymph nodes are small, deeply anthracotic and contain 
minute foci of calcification. The surrounding tissues are densely fibrous. 
Microscopically the left lung shows atelectasis and a diffuse fibrosis. The 
latter is seen both as a thickening of the normal connective tissue, for instance, 
trunks, septa and pleura, and also as a diffuse process involving the pulmonary 
parenchyma. In this location the air-spaces are either completely obliterated 
or reduced to elongated slits lined in many cases by cuboidal vacuolated epi- 
thelium. The alveolar septa are much thickened by hyaline connective tissue 
which is infiltrated with lymphocytes. Centrally the capillaries are obliter- 
ated; at the periphery these vessels are dilated and engorged. In places intra- 
alveolar giant cells surrounding crystal spaces occur in clumps. Lymphocytic 
infiltration is abundant, and the peripheral lymphatics are distended. 

The bronchial mucosa is very irregular and thrown into deep folds. The 
mucous glands are hyperplastic. The lumen is often filled by inspissated 
masses of mucus. Ulceration of tuberculous origin is abundant. Large 
caseous tubercles extend through the bronchial wall and discharge into the 
lumen. 

The liver and kidneys showed extensive amyloidosis. 


Comment 


This patient had a fibroid tuberculosis involving the upper third of the 
left lung. The remainder of the lung became atelectatic in August, 
1924. Subsequently this atelectasis was replaced by fibrous tissue. At 
death, two years later, the autopsy revealed a carnified left lung and 
dense fibroid tissue around the main stem-bronchus, practically obliterat- 
ing its lumen. Evidently the massive atelectasis was a result of this 
bronchial stenosis. The patient died from amyloid degeneration of the 
kidneys and liver complicated by an acute tuberculous bronchopneu- 
monia of the right lung. 


CASE 2: Mrs. C.S.; age, 30. First came to Saranac Lake in 1916. Physical 
examination and X-ray revealed tuberculous involvement of upper third of 
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right, and upper two-thirds of left lung. Sputum positive for tubercle bacilli. 
During succeeding years right lung cleared almost completely, but small cavity 
developed in apex of left lung. X-ray, July 12, 1921, shown in figure 4. 
Chest examination, April 16, 1922, revealed: Right: Note good; breathing 
good; bronchovesicular breathing and increased vocal resonance to 3rd rib 
and 6th vertebral spine; occasional rales to 2nd rib and 3rd vertebral spine. 
Left: Impaired resonance front and back; diminished breathing; coarse rales i 
to 3rd rib, and scattered coarse rales and rhonchi over back. , 

In October, 1922, patient complained of gastrointestinal symptoms; flatu- 
lence and diarrhoea, with some mucus in stools. Also had pains in lower left 
chest, shortness of breath, moderate cough and expectoration, night-sweats E 
and low-grade fever. Physical examination at this time showed, on left side, 
p.m.i. in posterior axillary line. Limitation of motion of left chest. Percus- 
sion note flat both front and back. Tactile fremitus diminished. Loud 
bronchial breathing and pectoriloquy over the whole hemithorax. Cavernous 
breathing heard posteriorly to 4th spine; no rales. X-ray, December 21, 1922, ‘ 
(figure 5) showed dense shadow throughout left chest, except in upper third, ig 
where was a round translucent area about 3 cm. in diameter. Trachea drawn 4 
to left; right border of heart seen to left of spinal column; left diaphragm high. 

During the past three years the left lung has gradually begun to function 
again. The vesicular murmur is now heard over all of the left side except at 
the posterior base, where breath-sounds are absent. The signs of cavity per- 
sist at the posterior apex, and coarse rales are heard under the pectoral fold 
and below the 5th spine. The trachea and heart are still displaced, but the 
diaphragm now moves on respiration. 

An X-ray (figure 6) taken January 22, 1927, shows a complete disappearance 
of the dense shadow throughout the left lung. Lung markings are now visible, 
and the cavity is not definitely seen. The heart is still displaced to the left. 
The patient is in perfect health. She has no symptoms. 


Comment 


The explanation of the occurrence of the massive atelectasis and its 
gradual disappearance is obscure. Possibly enlarged tracheobronchial 4 
lymph nodes produced a stenosis of the bronchus by pressure, which was ‘ & 
later relieved by a diminution in size of the lymphoid mass. Farris’s ; 
case 1 had an atelectasis of the left lung which at autopsy was shown 
to be due to obliteration of the main bronchus by pressure of “‘a caseous 
mass about one and a half inches in diameter.” 

The disappearance of the fibrosis around the cavity seen in all previous 
films is unexplained. 
The complete disappearance of the coarse rales in the left chest after 
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the collapse occurred and their reappearance as the lung again functions 
are of interest. 


CASE 3: Mrs. A. C. S.; age, 30. In January, 1924, had cough, expectoration, 
loss of weight, shortness of breath and small haemoptysis. Sputum positive 
for tubercle bacilli. Admitted to Trudeau Sanatorium, August, 1925, as 
ambulatory patient. No fever; very little cough or expectoration. Physical 
examination showed: Right: Apparently normal. Left: Note good; vocal 
resonance slightly increased to clavicle; breathing slightly exaggerated front 
and back; questionable friction rub front and back; no rales. X-ray (figure 
7), February 19, 1925, showed tuberculous lesion of left lung, around root and 
extending upward and downward. 

In first week of April, 1924, temperature rose to 101°. Pain in left chest. 
Cough and expectoration slight. Examination now showed dulness through- 


Fic. 4. Case 2. Showing fibroid tuberculosis with cavity in left apex. Before massive 
collapse. 

Fic. 5. Case 2. After massive collapse. Note cavity. 

Fic. 6. Case 2. Five years after massive collapse of left lung. Trachea and heart still 
displaced. Apparent disappearance of cavity. Lung functioning. 

Fic. 7. Case 3. Showing tuberculous lesion of central portion of lung. 

Fic. 8. Case 3. After massive collapse. 

Fic. 9. Case 3. After artificial pneumothorax was instituted. 


out left chest; breath-sounds diminished, but bronchovesicular at apex. A 
needle was introduced and about 5 cc. of bloody fluid was withdrawn. X-ray 
(figure 8), April 6, 1925, showed dense shadow throughout left chest. The 
trachea and heart displaced to left, and diaphragm elevated. Diagnosis of 
massive collapse made. 

Artificial pneumothorax instituted May 1. On entrance the intrathoracic 
pressure was — 23, — 8cm. water; 100 cc. of air were introduced, when pressure 
was — 23, — 3. The treatments were continued. X-ray, July 2, 1925, shows 
character of collapse (figure 9). 

The patient left Trudeau Sanatorium, and has been under the care of Dr. 
Blanchet of Saranac Lake and Dr. Eglee of New York City. During the past 
year the lung and mediastinal contents have moved to the left, partially ob- 
literating the pleural space. Examination of recent X-rays would indicate, 
not a reéxpansion of the left lung, but a displacement to the left, with anasso- 
ciated distortion of the thoracic viscera. The lung isapparently still atelectatic. 


Comment 


This case is a good example of massive pulmonary collapse. The cause 
of the collapse is not evident, unless we assume that the mass of tubercu- 
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lous tissue around the root, which also probably involved the bronchial 
lymph nodes, was sufficient to occlude the main bronchus by pressure 
from without. 

When air was introduced into the pleural cavity it probably did not 
collapse any pulmonic tissue (it was already atelectatic), but simply 
pushed the lung and mediastinum toward the centre of the thorax. 


[I am indebted to the authorities of Trudeau Sanatorium, and to Doctors Blanchet and 
Eglee for the data on this case, and for the privilege of reporting it.] 


The following two cases are cited as illustrating massive collapse pro- 
duced by intrapulmonary neoplasm: 


CASE 4: P. K.; male; clerk; age, 44; organist. Came to Saranac Lake, May, 
1922. Complained of loss of weight, fatigue, cough, expectoration, sometimes 
streaked sputum. Pleural pains in lower right chest; no fever. Sputum 
positive for tubercle bacilli. Physical examination showed: Right: Dulness 


Fic. 10. Case 4. Showing tuberculosis of left upper lobe. 

Fic. 11. Case 4. After massive collapse had occurred. 

Fic. 12. Case 4. Primary carcinoma and active tuberculosis in same lung. The arrow 
indicates the point of bronchial constriction by tumor. 


in right base, front and back; feeble breathing. Left: Heart in normal position. 
Impaired resonance to 3rd rib and 5th vertebral spine; marked bronchovesicu- 
lar breathing and increased whisper over same area; rhonchi. (See figure 10.) 

The patient gained in weight, but his cough was always troublesome. The 
physical signs remained about the same. In December, 1923, he complained 
of severe pains in the left chest, especially posteriorly. He was short of breath 
and had a hard but productive cough. The temperature rose to 102° and re- 
mained high (100°-101°) for several weeks. He also complained of marked 
digestive disturbances, chiefly flatulence. An X-ray of the intestinal tract at 
this time was negative for tuberculous colitis. Physical examination now 
showed: Right: Slightly impaired resonance at base. Left: Cardiac apex- 
beat in anterior axillary line. Flatness front and back; bronchial breathing and 
loud whispered pectoriloquy to 4th rib and 5th vertebral spine; no definite 
rales. A month later the apex beat was in the midaxillary line. The flat note 
over the left chest remained the same, but bronchial breathing and pectorilo- 
quy were heard over the whole front and to the 8th spine. There were cavern- 
ous sounds at the apex. Only an occasional rale was heard. 

The X-ray at this time showed a very dense shadow throughout the left 
chest. The trachea and heart were drawn to the left. (Figure 11.) 
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The patient gradually lost his fever, but cough and expectoration continued. 
He was able to be up and about, although short of breath, especially on exertion. 
In the fall of 1924 he complained of increasing shortness of breath and weak- 
ness. He did not lose much weight. The chest signs remained the same as on 
previous examination, but his heart-sounds were distant and very irregular. 
No murmurs were heard. The pulse varied in frequency, rhythm and force. 
The patient became more dyspnoeic and weak, and finally died January 21, 


1925. 
Autopsy 


The chief points of interest in the autopsy as reported by Dr. Gardner, 
resident pathologist, are as follows: 


Pericardial Cavity: Is completely obliterated. The parietal layer is fused 
with the adjacent pleura and is studded with a series of very firm nodules, 5 to 
10 mm. in diameter. On section these nodules are composed of very dense 
homogeneous pearly white tissue. From the centre of some of the nodules a 
thick yellow-white pus can be expressed. 

Pleural Cavities: On each side the pleural cavities are completely and _ uni- 
formly obliterated, but the adhesions are much firmer and more dense on the 


left. 
Heart: The organ lies firmly embedded in the adherent pericardial cavity, 


which is in turn intimately fused with the pleura. The organ is explored by a 
transverse vertical section passing through all of the thoracic viscera. While 
the exposure is not very satisfactory, no apparent abnormality can be made out 
in the chambers or the valves. The whole organ seems contracted and com- 
pressed with an apparent thickening of the walls. 

Lungs: The right lung is voluminous, but feels boggy beneath the thickened 
pleura. Section reveals a uniformly dark red surface deeply lined with coal 
pigment. A large amount of frothy bloody fluid oozes from the surface. The 
left organ (figure 12) seems smaller than normal, and is very firm throughout, 
but particularly so over the mesial two-thirds of the upper and lower lobes. 
Longitudinal section shows an apical cavity about 4 cm. in diameter, with 
ragged poorly defined borders. Its lumen is filled with semifluid gray-green 
pus. The surrounding lung is deeply anthracotic and carnified. Mesial and 
posterior to the cavity are areas of extremely firm pearly white tissue which is 
presumably tumor. Posteriorly the growth is more gray-white in color, and 
seems to have invaded only air-spaces, as the septa marking off the secondary 
lobules are strikingly accentuated. The lower half of the lung is a grayish- 
pink carnified mass, flecked with large elongated greenish-yellow caseous areas 
representing bronchi with necrotic (?) walls filled with caseous debris. A 
smear from this material shows a moderate number of tubercle bacilli. 
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A posterior transverse vertical section shows the tracheobronchial lymph 
nodes to be enlarged by tumor growth (?) and extensions from it. About the 
left stem-bronchus the lymph nodes have formed a large mass, which has 
compressed and distorted this tube, so that its lumen is barely patent. Another 
mass is adherent to the anterior surface of the oesophagus, but there is no appar- 
ent constriction of itslumen. A few small intensely anthracotic nodes show the 
central portions replaced by semifluid necrotic material wien escapes on sec- 
tion, leaving small cavities. 

Microscopic: Heart: The pericardium is much thickened by oedematous 
fibrous tissue, which is infiltrated with alveolar masses of large round tumor 
cells. In places there is a tendency to form pearls. Some sections show in- 
vasion of the heart muscle by tumor growth. 

Lungs: The picture is extremely complex, as three processes are all progress- 
ing simultaneously, tumor, tuberculosis and collapse induration. 

Left Lung: The sections exhibit a diffuse fibrosis associated with collapse 1 
induration. Most of the normal structures are obliterated. Dust deposits 
are very heavy and occur as large clumps wedged into the fibrous tissue. The 
phagocytes are not discernible. The few remaining air-spaces are simple slits A 
lined by cuboidal epithelium. There are large conglomerate caseous tubercles. ie 
Their borders show a zone of fenestrated noncellular hyaline fibrosis with dust. = 
Outside this is a cellular connective-tissue zone. 

Summary: The origin of the epidermoid carcinoma in the lung, an unusual 
type of tumor in this organ, demands explanation. It is plausible to presume 4 
that the bronchial epithelium has undergone metaplasia to a stratified squa- a 
mous type as the result of chronic inflammatory changes incident to the tubercu- 
lous process, and that in this metaplastic epithelium the tumor has taken origin. 

The extensive and diffuse fibrosis found in the lung could result from any 
one or all of the etiological factors present,—tuberculosis, tumor and bronchial 
stenosis. Presumably all three were active in producing the final result. : 

If the behavior of the tissues in a metastasis at all reproduces the changes : 
taking place in the primary growth, the extensive fibrosis in the renal metasta- i 
sis would suggest that a considerable amount of the pulmonary fibrosis was 4 
reaction to tumor formation. On the other hand the diffuse character of this a 
change in the lung could better be explained as the result of closure of a stem- id 
bronchus followed by collapse induration of a whole lobe. 


Comment 


This is a case of pulmonary tuberculosis with superimposed primary 
carcinoma of the lung, involving the bronchus, bronchial lymph nodes, 
lung, pericardium and heart muscle. The tumor caused obstruction 
of the main bronchus, with a resulting atelectasis of the pulmonic tissue 
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distally. ‘The massive collapse probably did not occur with the sudden- 
ness of a postoperative massive collapse, but within a few days the 
patient presented the signs, symptoms and X-ray picture typical of this 
condition. As a result of the atelectasis the lung became smaller than 
normal and firm throughout. The main stem-bronchus was occluded by 
tumor but loud bronchial breathing was heard over practically the whole 
side, similar to case 1. 


CASE 5: H. W.; male; age, 52; assistant foreman in factory making abrasive 
materials (dusty trade). Came to Saranac Lake, September, 1922. Gave 
history of cough for about one year; slight loss of weight; fatigue. Had harass- 
ing cough, slight expectoration, dyspnoea, night-sweats, languor, loss of 
strength. Sputum negative for tubercle bacilli. Physical examination showed: 
Right: Impaired resonance and feeble breathing to 4th rib and 6th vertebral 
spine; few fine rales to 2nd rib and opposite 3rd vertebral spine. Left: No 
definite changes. 

X-ray (figure 13) interpreted as showing pneumonokoniosis of both lungs, 
with probable tumor involving upper right lobe. Trachea and heart drawn 
slightly to right. 

On October 23, 1923, it was noted that the abnormal findings were more dis- 
tinct at the right apex, and that a leathery, palpable friction rub was present in 
this region. The patient was not seen again until December, 1923, when he 
complained of very marked shortness of breath, orthopnoea and persistent, dry 
cough. Physical examination now showed: Right: Slightly diminished expan- 
sion; tactile fremitus feeble or absent; flat percussion note over entire right side, 
front and back; loud bronchial breathing and pectoriloquy over this side of 
chest except at extreme base; no rales. The left chest showed nochanges. The 
heart was slightly displaced to the right. 

The X-ray of the chest showed (figure 14) a dense shadow throughout the 
right chest, except at the extreme base. The trachea was still drawn to the 
right. The heart and diaphragm remained in relatively the same position as 
in the first picture. 

A diagnosis of probable tumor of the right lung was made, and the patient 
returned home. A few weeks later fluid was found in the right pleural cavity 
and open drainage established. The patient died shortly afterward. No 
autopsy was obtained. 


Comment 


Although not proved as massive collapse, this case seems to fall into 
the group, described by Golden, of advancing tumor involving the bron- 
chus with final occlusion and a resulting massive atelectasis. In Golden’s 
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Fic. 13. Case 5. Probable tumor of right upper lobe. 

Fic. 14. Case 5. After massive collapse. Note position of trachea and heart. 

Fic, 15. Patient C. F. H. Fibroid tuberculosis of entire left lung. 

Fic. 16. Patient C. F. H. Lipiodol injection showing patent left main-stem bronchus 


and four dilated bronchi. The smaller bronchi are not to be seen. Note normal bronchial 
arborization in right lung. 
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cases the obstructed bronchus was seen by bronchoscope and later 
demonstrated at autopsy. Not only did the bronchial stenosis produce 
atelectasis of the lung, but also bronchiectatic dilatations of the distal 
bronchi. 


The following case is reported, not as an example of massive pulmo- 
nary collapse, but of extensive fibroid tuberculosis of the left lung, of many 
years duration, in which the physical signs were similar to those of 
massive collapse; but, unlike the cases reported above, the bronchus was 
patent as shown by a lipiodol injection. 


C. F. H.: male; age, 40; married. Onset of pulmonary tuberculosis with 
haemoptysis at seventeen years of age. The patient continued his studies 
and performed light work off and on. He was drafted for the army in 1917. 
He had haemorrhages while in service, and was discharged and came to Saranac 
Lake in 1921. In 1922 he developed Pott’s disease of the sixth and seventh 
dorsal vertebrae. He expectorates 2 to 4 ounces of sputum a day, runs no 
fever; his general nutrition is good, but he is short of breath on exertion. 

The following chest signs have remained the same during the past five years: 
Right: Note slightly hyperresonant throughout. Bronchovesicular breathing 
and increased vocal resonance and a few fine rales at apex. Left: Limited 
motion. Cardiac impulse in third and fourth interspaces slightly to left of 
nipple line. Percussion note very dull, front and back. Loud bronchial 
breathing and whispered pectoriloquy heard throughout whole hemithorax; 
no rales. 

Fluoroscopically the right chest is clear, and the diaphragm low and moving 
greatly with the phases of respiration. The left chest is dark throughout, and 
the diaphragm higher than normal, and moving but slightly. The chief points 
of interest in the X-ray (figure 15) are the dense shadow in the left chest, the 
deviated trachea, the displaced heart and the high diaphragm on the left side. 

There was nothing in the patient’s history which would indicate a massive 
atelectasis of the lung, but because the physical signs were similar to those 
of massive pulmonary collapse, a lipiodol injection was made to see whether 
there was any bronchial occlusion. Figure 16 shows the results. The main 
stem-bronchus is patent, and leads into four large bronchiectatic dilatations. 
No lipiodol is seen in the smaller branches of the bronchial tree. On the right 
side, however, the normal bronchial arborization is visualized. 

It is probably correct to assume that we are here dealing with a fibroid lung, 
in which the larger bronchial tubes are dilated, but the smaller ones constricted 
at some point by surrounding fibrosis. Pathological studies of such lungs show 
that very frequently these smaller bronchi, beyond the point of stenosis, are 
bronchiectatic. 
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These cases, except the last, have been cited as illustrating massive 
collapse (or atelectasis), associated with or complicating chronic pul- 
monary tuberculosis or tumor, and not following operation. The signs, 
symptoms and X-ray evidence differ in no way from the classical picture 
of postoperative massive collapse. From this point on, however, the 
paths of these two groups diverge. In the postoperative cases the lung 
returns to its normal state and function. Not so, however, the group 
here reported upon. In these cases the atelectasis remained permanent 
(except in one unexplained case (2)), and was replaced by fibrous tissue, 
the end-result being a fibroid or carnified lung. 

In the majority of postoperative cases no obstruction of the air-way 
has been definitely shown, but in the nonoperative group the autopsy 
findings show an obstructed bronchus. This obstruction may be pro- 
duced by pressure of enlarged tracheobronchial lymph nodes (Farris’s 
case 1), by malignant tumor mass, or by dense fibrosis around the bron- 
chus causing an atresia (case 1). From these findings it would seem 
safe to deduce that in the nonoperated cases of massive atelectasis the 
cause is to be found in an obstructed bronchus. 

I have recently had the opportunity to examine, at the New York 
State Hospital at Ray Brook, a case of pulmonary tuberculosis, in which, 
following an haemoptysis, a massive collapse of the diseased right lung 
occurred. After the patient had coughed up large clots of blood and 4 
bronchial cast, the atelectasis disappeared. R4les were absent while 
the collapse was present, to reappear as the lung functioned again. 
This case will be reported in detail by Dr. H. A. Bray, Superintendent of 
the hospital. 

Massive atelectasis should be differentiated from those cases in which 
a gradual and increasing fibrosis of the lung takes place over a number of 
months or years. In both groups the end-picture is the same,—a fibroid 
lung. In the latter group the process is an overproduction of connective 
tissue; in the former a collapse of air-cells over a wide area is the initial 
step toward the fibrosis. 

In the cases here reported the change from an aerated to nonaerated 
lung was sudden enough to justify, I believe, the diagnosis of massive 
collapse or atelectasis. 

In acquired dextrocardia the possibility of massive atelectasis of the 
right lung as the cause of the distortion should be borne in mind. Hecht 
has reported several cases of this type, and believes that the condition 
is due to a rapid cirrhosis of the lung. The change may take place, he 
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states, in a “relatively short time.’’ Such rapid changes are more readily 
explained on the grounds of an atelectasis than of a rapid, massive fibrosis. 

An interesting feature of all these cases is the paucity of rales over the 
atelectaticlung. In four ofthe five cases rales were present in the affected 
lung before the massive collapse, and disappeared after onset of the 
complication. In case 2 rales reappeared as the atelectatic areas began 
to function again. 

In Farris’s and my series the patients with pulmonary tuberculosis 
did well after the onset of the atelectasis. One died two years later of 
amyloid disease. Another died one year later of carcinoma of the lung 
and pericardium. The rest are alive and well after the massive collapse 
occurred for periods of from three to seven years. 


CONCLUSIONS 


1. Five cases are cited which exhibited the signs and symptoms of 
massive collapse, but in none of these did an operation precede the de- 


velopment of the atelectasis. 
2. Four of these cases had chronic pulmonary tuberculosis. One was 


complicated by carcinoma. One had a lung tumor. 


3. Autopsies in two of the cases showed that the collapse of lung tissue 
was due to bronchial obstruction. 
4, Massive collapse of the right lung may be one of the causes of 


acquired dextrocardia. 
5. Rapid, massive pulmonary fibrosis of a lobe or whole lung is prob- 
ably, in its origin, a massive atelectasis. 
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PNEUMONOGRAPHY AS A DIAGNOSTIC AID IN 
CHILDREN! 


COLE B. GIBSON anp WILLIAM E. CARROLL? 


It becomes increasingly evident that roentgen rays play a most 
important part in the definitive diagnosis of certain respiratory diseases 
and in the accurate estimation of the extent, location and contour of 
pulmonary lesions. In conjunction with X-rays various mechanical or 
physical procedures have vastly increased our diagnostic means in the 
fields of gastroenterology, bone, traumatic and foreign-body surgery, 
gall-bladder conditions, and renal disease. The use of materials pre- 
senting opacity to the ray has become an almost routine matter in certain 
branches in which the outlining of the shadow of an organ orthemapping 
out of a sinus or diseased area is of diagnostic importance. 

Stereoscopic roentgenographs are usually sufficient to give much of the 
desired information relative to the physical or anatomical characteristics 
of pulmonary lesions. While in general this may be true, there are 
certain conditions or diseases which require still more accurate deline- 
ation than is to be obtained by stereoscopic films. 

Recognizing this, Chevalier Jackson (1) in 1918 reported a method of 
lung mapping, comparable in some respects to the stomach and intestinal 
mapping already in wide general use. Asa contrast substance he utilized 
dry bismuth subcarbonate, which was insufflated into the bronchial 
tract through a bronchoscope. 

Shortly afterward Stewart and Lynah (2) made roentgenographs of 
pulmonary abscesses and bronchiectatic cavities which had been filled 
with an emulsion of bismuth in olive oil. In 1921 Sicard and Forestier 
(3) reported the use of an iodized oil for injection of the bronchial tree. 
The 40 per cent iodine content of this oil rendered it opaque for X-rays, 
and authors found it to be bland and nonirritating, and therefore well 
suited to the procedure of lung mapping or pueumonography. 

Since then various investigators have used this or similar substances 


1 Read at a monthly conference of the Connecticut State Tuberculosis Commission, 
May, 1927. 
2 Undercliff Sanatorium, Meriden, Connecticut. 
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with great success in the study of pulmonary abscess, bronchiectasis, 
bronchopulmonary fistulae, and even in pulmonary tuberculosis. Sev- 
eral iodized oil preparations are now available. Iglauer (4) mentions 
the German preparation known as Jodipin and the Danish product 
described as Iodumbrin. More recently Dyroff (5) has made further 
reports upon the use of Contraséol in which bromine has been substituted 
for iodine, and by this means all chance of iodism avoided. Contrastol, 
unlike iodized oils, is said to be sterilized by boiling. 

The product most generally used in this country, and employed by 
Sicard and Forrestier, is known as Lipiodol. It is understood that this 
preparation is practically identical with Iodipin which has been accepted 
as a new and nonofficial remedy by the Council on Pharmacy and 
Chemistry of the American Medical Association. This body describes 
the article as “‘an iodine addition product of sesame oil containing 39 to 
41 per cent of iodine in free combination.” 

The iodized oil is of a clear amber color, is neutral in reaction, has a 
specific gravity of from about 1.350 to 1.370, and is insoluble in water or 
alcohol. Pritchard, Whyte and Gordon (6), in describing the oil, state 
that the iodine may be liberated by the alkaline carbonates of the saliva 
and intestinal secretions, but that it is not affected by the gastric acidity. 

The oil should not be used for intrapulmonary injections unless it is of 
a clear amber color, for it becomes brown when exposed to light, air or 
excessive heat, thereby demonstrating the liberation of free iodine. 

The compound has, according to the reports of many writers, proved 
itself of very great assistance and instruction in the study of broncho- 
pulmonary lesions. Further, its extensive use has not been attended by 
any disturbing after-effects that have been worthy of report. It is 
pointed out that aside from its diagnostic assistance the substance has 
real therapeutic value. The oil is bland and soothing, and the iodine is 
liberated but slowly, so that iodine absorption is slow enough to con- 
stitute an ideal treatment in chronic affections of the lower respiratory 
tract. No cases of iodism have been reported, except in one or two 
instances in which the oil was swallowed and subjected to the action of 
intestinal secretions. Two of our patients are known to have swallowed 
as much as 10 or 12 cc. each without the least apparent sign of iodism or 
of any other discomfort traceable to the incident. 
Several methods of introduction have been described: 


1: The supraglottic, used by many, is sometimes attempted without anaes- 
thesia. It is better to swab the pharynx, soft palate, and the base of the 
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tongue with a 10 per cent cocaine solution. After an interval of three minutes 
1 cc. of warmed 1 per cent cocaine solution should be dropped into the glottis 
with the aid of a laryngeal mirror, syringe and curved cannula. Five minutes 
later the injection can be made. The patient sits facing the operator and 
slightly inclined toward the side to be injected, and is instructed to pull the 
tongue forward and breathe normally throughout this stage of the operation. 
A 20-cc. syringe, filled with warmed iodized oil, is firmly attached to a 6-inch 
cannula having its distal end curved to a right angle or less. The tip of the 
cannula, followed in the laryngeal mirror, is introduced behind the base of the 
tongue, held over the glottis, and the oil is slowly expelled into the larynx. 

2: The transglottic method is prepared for in an almost identical manner, the 
only variation being that the amount of 1 per cent cocaine used to anaesthetize 
the larynx should be increased. In this procedure the tip of the cannula is 
passed through the glottis into the trachea. 

We have tried both of these methods on several adie with rather un- 
satisfactory results. In the first place it was difficult to make clear to these 
young people just what we desired to do, and as a consequence they viewed 
every step of the preparations with unconcealed apprehension. When the 
actual injections were begun fear or nervousness rendered them practically 
noncodperative, and they soon became very tired and distraught. It was 
quite evident that a procedure attended with these difficulties was but little 
worth while and quite liable to do more harm than good. 

3: The swallowing method: Nather (7) described this original procedure. 
After cocainization of the larynx and hypopharynx the patient is instructed to 
swallow the oil. According to Nather, in a majority of instances the fluid will 
be swallowed the wrong way; that is, into the trachea. We did not attempt 
this method, believing that the chance for error was too great. 

4: The intubation method: Iglauer also reported an original scheme. He 
prepares an O’Dwyer intubation tube with a longitudinal groove cut into the 
back wall, into which asmall-boresecondary cannula is soldered. This cannula, 
designed to carry the oil, is somewhat longer than the intubation tube, and 
terminates above in a nipple, over which a piece of rubber tubing is slipped. 
When inserted into the larynx the double-barreled arrangement provides one 
channel for the injection of the oil while the other remains open for breathing 
purposes. The difficulty of providing such a tube has so far prevented us from 
attempting this method. 

5: The catheter method: After anaesthesia of the larynx and trachea has 
been established a soft-rubber catheter is passed through the glottis. After 
this is done the catheter should be long enough to project well beyond the 
teeth, which are required to clamp upon it sufficiently to hold it in place. 
The syringe containing the warmed oil is then attached to the external end and 
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the injection made. Fearing lack of codperation from the children this method 
was not attempted. 

6: The bronchoscopic method: As Iglauer states, the bronchoscopic method 
is undoubtedly the most certain and offers the additional advantage of per- 
mitting direct inspection and removal of specimens. Bronchoscopy is a pro- 
cedure requiring great facility and long training, and its employment even by 
skilled operators is not always a pleasant experience for patients. For these 
reasons this method could hardly be said to lend itself to general or routine 
usage. 

7: The subglottic method is the procedure used in the present series. With 
this method the cricothyroid membrane is punctured and the oil is injected 
directly into the trachea. With a hypodermic syringe filled with 1 per cent 
novocaine a cutaneous wheal is made and the adjacent tissue infiltrated. As 
anaesthesia progresses the needle is pushed into the cricothyroid membrane 
and a few drops of novocaine are injected. The needle is then pushed through 
the membrane into the trachea. The passage of the needle through the 
membrane is practically always evidenced by a slight, snapping sound and the 
complete cessation of resistance against the needle point. This position may 
be further verified by pulling the plunger of the syringe back and filling the 
lumen with bubbles of air from the trachea. The needle used in this step 
should be a hypodermic needle of the usually fine bore, and not longer than 
2 cm., so that the point will not reach the posterior wall of the trachea. This 
needle is then removed, and a syringe containing about 1 or 1.5 cc. of 5 per cent 
warm cocaine solution is attached to an 18-gauge needle, to which a guard has 
been applied 2 cm. from the point. The anaesthetized membrane is then 
punctured with this needle, and about 10 minims of the cocaine solution in- 
jected into the trachea. We have placed our patients on an inclined table 
with the head elevated about eighteen inches or two feet. A roll was 
placed under the neck so that the head dropped back and the thyroid and 
cricoid presented more prominently during the anaesthetization and punc- 
ture of the membrane. Once this was accomplished, the roll was removed 
and the head was placed on a pillow, to ensure that the oil flowed downward 
into the bronchial tree and not backward through the glottis into the pharynx, 
thence to be swallowed into the oesophagus. During the injection of the oil 
the patient is rolled or tilted toward the side to be mapped. If the upper 
lobe is to be investigated the head and shoulders may be lowered after the in- 
jection and the patient told to take a few deep breaths. The fluid is then 
aspirated into the smaller bronchioles and alveoli. 


The extreme viscosity of the oil, even when warmed, prevents too 
rapid injection, and if the trachea is well anaesthetized there is little or 
no discomfort, as the substance makes its way to the lower structures. 
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There are no signs of asphyxia and, indeed, the older patients tell us that 
there is no sensation during the entrance of the oil. 

Most observers have reported that about 20 cc. of oil is the proper 
quantity to inject for best results. It was our experience that about 
10 or 12 cc. was sufficient with young children and adolescents; a larger 
quantity tended to mark too heavily the dilatations and cavities we 
desired to observe. We are of the opinion that medium or small quan- 
tities, if radiographs are taken promptly after injection, serve better to 
delineate these changes in delicate tracery patterns of the bronchial 
tree, and render them more clearly discernible and more accurately 
readable. 

Radiographs should be taken at varying intervals after the injection 
and after postural drainage. By this means much valuable information 
may be obtained relative to constriction in the bronchi which prevents 
free drainage, and concerning the efficacy of postural drainage for 
chronic pulmonary suppuration. From this information, along with the 
accurate localization and typing of the lesions, one may determine 
whether the treatment is to be palliative or radical. It is frequently 
advisable, also, to obtain roentgenographs through different planes. 
Stereoscopic plates taken in the erect posteroanterior position should be 
supplemented by lateral or oblique exposures. Pictures taken with the 
patient supine or lying on one side may show change in the fluid levels 
in cavities and give additional information. 

The radiographs must be obtained promptly; for as soon as the cough 
returns elimination begins, first clearing the bronchi and bronchioles, and 
the oil in some instances, instead of being coughed out, is aspirated into 
the adjacent normal alveoli. The bronchi and bronchioles quickly 
evacuate the oil, but it will remain longer in the alveoli, sometimes as long 
as several weeks. 


INDICATIONS AND EXPECTATIONS 


As already stated stereoscopic roentgenographs, in the majority of 
patients, will yield sufficient X-ray data to become most important 
factors in the diagnosis of pulmonary disease. But there remains a 
small minority of cases in which further information is essential, and it 
is in this group that we so often find a patient whose symptoms and 
clinical picture are insufficiently explained by the radiograph, and in 
whom the prognosis and indications for treatment are not clear. 
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For instance, we place in this category the child who after a severe 
attack of pneumonia or influenza, or other respiratory disease, continues 
to cough for a varying period of months or years, and periodically or 
regularly expectorates quantities of foul sputum. While his general 
appearance may be excellent he is dyspnoeic on exertion and subject to 
attacks of fever accompanied by increased sputum. His fingers are often 
clubbed, and on physical examination widespread signs of unilateral or 
bilateral abnormality are readily and often impressively elicited. In 
spite of the fact that the copious sputum does not contain tubercle 
bacilli a diagnosis of tuberculosis may hurriedly or casually be adopted. 
Usually roentgenographs of the chests of these patients will not cor- 
respond with the physical signs, but very often about all that can be 
discerned is a hazy honey-combing with somewhat increased linear 
markings, but so indefinite as to prevent accurate interpretation. Not 
infrequently a dense, heavy pleural thickening over the involved area 
will definitely obscure all lung markings, or the heart shadow may com- 
pletely blot out pulmonary pathological changes in adjacent areas. The 
picture certainly does not corroborate the diagnosis of tuberculosis made 
upon the basis of the numerous physical signs; and it must be conceded 
that if a tuberculous process is active enough and sufficiently widespread 
to give many easily discernible physical signs the X-ray picture of the 
chest is usually fruitful enough in mottling, infiltration and consolidation 
to leave little or no doubt of the diagnosis. 

We find, therefore, in such a patient only one leading indication that the 
diagnosis of tuberculosis must be considered, and this indication is none 
too strong, for it is merely prolonged and productive cough. Arrayed 
against this we have three very striking contraindications to the diag- 
nosis of tuberculosis: 


1: The great quantities of sputum fail to show the presence of tubercle bacilli. 
2: The general appearance and behavior of the patient are so excellent as to be 
wholly incompatible with the widespread physical signs of the disease, if the 
disease is tuberculosis. 

3: The stereoscopic roentgenographs reveal so few definitely discernible patho- 
logical changes that their correlation with the numerous physical signs is 
clearly not possible as it most frequently is in tuberculosis. 


If we add to these negations certain positive findings we no sooner 
relinquish the diagnosis of tuberculosis than we approach, by exclusion, 
the far more tenable hypothesis of bronchiectasis. And while one may 
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be reasonably sure that such a diagnosis is correct it is extremely desirable 
to obtain a more complete and accurate picture of the area involved than 
can be obtained with ordinary stereoroentgenographs. 

Armand-Delille (8) emphasizes the need for early diagnosis of bronchial 
dilations, and Riviere (9) urges early diagnosis and the early establish- 
ment of postural treatment, in order to limit the mechanical spread of the 
condition to adjacent structures, as well as for its therapeutic benefits. 

Practically everyone agrees that the diagnosis of bronchiectasis is not 
easy by ordinary methods, but if we map the bronchial tree by the use 
of lipiodol the diagnosis of bronchial dilations becomes relatively simple. 

To quote the excellent article of Pirie (10): 


It is therefore fortunate that lipiodol gives an absolutely characteristic picture 
of this disease. The dilated bronchioles become filled up in their proximal 
parts. The lipiodol does not reach their terminal parts probably because they 
are already full. The result is that lipiodol stops short in a dilated bronchiole 
giving a club-shaped end, or it may be convex or pointed depending upon the 
shape of the space into which it flows. The picture of bronchiectasis, as 
demonstrated with lipiodol, is so characteristic that when once seen it is easily 
recognizable again. Bronchiectasis overlapped by the shadow of the heart 
is especially uncharacteristic in the roentgenogram unless lipiodol is used, 
but with its use the disease is easily made evident. 


To properly appreciate the striking results of this method of pneu- 
monography it is well to compare two sets of stereoroentgenographs of 
the same patient, one set made just prior to injection with lipiodol and 
one set made just after. The contrast is more than illuminating and is 
usually highly instructive. 

In the minority class of patients referred to above a tentative diag- 
nosis of tuberculosis will be abandoned occasionally in favor of a fairly 
definite classification of lung abscess. The history is usually very 
suggestive. The patient may have undergone a nose or throat operation, 
he may be known to have insufflated a foreign body, or he may have 
failed to recover completely from an acute pulmonary infection. He 
presents periods of hyperpyrexia followed by the raising of large quan- 
tities of foul, purulent sputum, which contains elastic tissue but no 
tubercle bacilli. This event is often followed by a drop in temperature 
and by change in the physical signs in the chest. X-ray findings, in 
conjunction with the history, physical signs and behavior of the patient, 
usually leave little or no doubt of the diagnosis. 
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If, however, we can inject lipiodol into the abscess cavity we can more 
positively assert its existence and can more easily determine its location 
and extent. Unfortunately it is not always possible to inject a lung 
abscess. The cavity may be filled or the bronchus leading to its field 
may be very narrow or constricted. It is well to remember, also, as 
Pirie points out, that, if the abscess is toward the front of the chest and 
the injection is made with the patient supine, the oil will flow toward the 
back and will not run uphill to the front. 

He further states that “lung abscess and new growth have been indi- 
cated by lipiodol by negative rather than by positive evidence; thatisto 
say, the lipiodol avoided the area of abscess or tumor and entered.the 
surrounding lung.” 

It has, of course, been pointed out that by changing the position of 
the patient, so that the inclination of the oil to flow downward is always 
favored, it is possible to inject any lobe of either lung. Therefore, so 
long as the bronchi will permit its passage into a cavity, lipiodol will 
clearly outline the excavation.. With the information thus obtained 
the diagnosis may be established, and a decision made as to the type of 
treatment best indicated. 

It is needless to mention other bronchopulmonary conditions in which 
diagnosis may be made more certain by the use of lipiodol injections, for 
it is obvious that in bronchopulmonary fistulae, stenotic conditions of 
trachea and bronchi, old empyemata with sinuses, new growths and certain 
excavating disease of the lungs, the procedure of pneumonography is of 
high importance. It has been pointed out by other workers that iodized 
oil may be used to demonstrate tuberculous cavitations, without any 
harmful after-effects upon the patients. We have not utilized the sub- 
stance for this purpose: first, because ordinary and routine diagnostic 
methods usually suffice and, second, because the establishment of the 
existence of such excavations often means little more than an additional 
note on the historical record of a known tuberculosis patient. It is 
readily admitted, however, that the presence or absence of cavitation is 
of great prognostic import and that at times the injection of lipiodol 
might be justified. 

The use of lipiodol in injecting sinuses of tuberculous bones for obtain- 
ing additional X-ray information is frequently a matter to be considered. 

The diagnosis of pulmonary tuberculosis in children is upon occasion 
adopted hurriedly and without due attention to pertinent historical 
facts. Chronic cough, widespread physical signs in the chest, and vague 
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indeterminate shadows in roentgenographs of the lungs are at times con- 
sidered to be sufficient evidence to warrant sending a child to a tuber- 
culosis sanatorium. Most often such patients have no tuberculosis, 
but do have some one of the affections noted above, and would be 
admitted more properly to a general hospital, where present-day thoracic 
surgery would be of greater benefit than sanatorium routine. 

It is interesting to note in this connection that at this sanatorium, 
where eligibility for admission is based practically entirely upon the 
applying physician’s certificate that the patient has tuberculosis, a not 
inconsiderable number of patients with bronchiectasis, lung abscess, or 
other chronic nontuberculous pulmonary lesions are admitted. 
Naturally it is of great importance that these conditions be recognized 
and differentiated from tuberculosis, not only that the population of the 
institution should be made up entirely of tuberculous children, but also 
in order that these nontuberculous individuals may be placed in contact 
with a regimen or facilities designed especially for their needs and indi- 
cations. 

From approximately fifty such patients discovered in the last nine 
hundred admissions to this sanatorium the following are selected as 
illustrative of some of the points we have mentioned, and the 
radiographs will show the definition of the lesions to be obtained 
by the use of lipiodol: 


Case 1: J. Z., male, aged 6 years. In 1924 had pertussis followed by pneu- 
monia. Had chronic cough from that time, and later lost appetite and showed 
undue fatigue. Expectorated three or four ounces daily. On admission 
coughed considerably, mostly at night. Fingers markedly clubbed. On 
physical examination left lung negative. Over right lung resonance impaired 
from middle to angle of scapula, and flat below angle of scapula. Breath- 
sounds diminished over area of impairment, and almost inaudible below angle. 
No rales. Frequent examination of rather copious sputum revealed no tuber- 
cle bacilli. Diagnosis: Pulmonary abscess, right lower lobe. The X-ray 
picture, taken after the injection of lipiodol, serves to illustrate Pirie’s observa- 
tion, quoted above, relative to delineation of the abscess field when the oil 
cannot enter the abscess because of constricted bronchi or filled cavity. 


Case 2: E. R., male, aged 7 years. Through lack of codperation on part of 
parents no history of previous illness could be elicited. Had been coughing for 
“over a year,” and tonsils and adenoids had been removed “without relief.” 
On admission had frequent cough and moderate expectoration, and showed 
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markedly clubbed fingers. Right Lung: Squeaky rales throughout. Left 
Lung: Impaired resonance from 3rd to 6th interspaces. Distant bronchial 
breathing from 3rd to 6th interspaces. Numerous small and medium moist 
rales and squeaky rales throughout, anteriorly and posteriorly. When placed 
in extreme Trendelenberg position for 15 minutes morning and night, patient 
expectorated great quantities of foul sputum. Frequent examinations failed 
to reveal tubercle bacilli. Radiographs made after injection with lipiodol 
revealed widespread area of cylindrically dilated bronchi in left lung. Diag- 
nosis: Bronchiectasis, left lung. 


Case 3: M. A., female, aged 11 years. History of “‘pleurisy,”’ left side, at age 
of five years, and said to have coughed and expectorated since early childhood. 
One year before admission had pneumonia, left, and was ill for four weeks, 
and shortly thereafter admitted to tuberculosis sanatorium where diagnosis of 
lung abscess (left) was made. Shortly after discharge from that institution 
admitted here. On admission coughed considerably and raised several ounces 
of heavy sputum daily. Fingers clubbed. Right lung negative. Left lung 
dull from 2nd interspace to base and from crest of scapula to base. Bron- 
chovesicular breathing heard over upper portion, but breath-sounds very faint 
over base. Loud, crackling rales throughout left lung. Sputum contained 
no tubercle bacilli. Radiographs, taken after introduction of lipiodol, re- 
vealed saccular bronchiectasis that otherwise might have been unperceived 
due to overlying pleural haziness and interposition of heart shadow. Diag- 
nosis: Bronchiectasis, left lung, with pleuropulmonary fibrosis. 


Case 4: S. S., male, aged 12 years. Patient inmate of tuberculosis sanatoria 
since six years old. Prior to that had influenza followed by pneumonia, and 
thereafter chronic cough and dyspnoea. For several years raised 3 or 4 
ounces of sputum daily, which never contained tubercle bacilli. At time of 
examination six years later had improved greatly in general appearance and 
health. Coughed occasionally, and raised only small quantity of sputum 
daily. Fingers slightly clubbed. No longer dyspnoeic. Right Lung: Im- 
paired resonance over lower two-thirds of lung anteriorly and posteriorly. 
Small, moist rales throughout, as well as scattered squeaky rales at end of 
inspiration. Left Lung: No impairment of resonance, but small moist rales 
over lower two-thirds. Radiographs, taken after injection of lipiodol, revealed 
widespread cylindrical and saccular bronchiectasis in right lung, and to lesser 
extent in left. Diagnosis: Bronchiectasis, right and left lungs. 
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REMARKS ON THE CLINICAL DIAGNOSIS OF PULMON- 
ARY TUBERCULOSIS}? 


CHARLES R. AUSTRIAN 


The recognition of pulmonary tuberculosis early in its clinical course 
requires skill in the detection and interpretation of the signs of patho- 
logical changes in the lungs, familiarity with the symptoms of the disease, 
and ability to correlate objective and subjective deviations from normal. 
True, this is the problem in all differential diagnosis but in no malady 
can it be more difficult than in phthisis. 

To acquire facility in the examination of the lower respiratory tract 
demands acute senses, practice in the methods of physical diagnosis, 
acquaintance with the conditions that are met with in health and in 
disease, and efficiency in analyzing the results of an examination so as to 
synthesize them into a diagnostic unit. In order to estimate the clinical 
meaning of structural abnormalities of the lungs, it is necessary to learn 
if they are associated with symptoms of disease and whether or not that 
association is one of cause and effect. Experience has shown that many 
abnormal signs may be present in a person who seems to be capable and 
well, and that there may be a paucity or even an absence of demonstrable 
faults in one functionally embarrassed. The objective changes in the 
former may be of little clinical import, they may be scars that never felt 
a wound, the residue of disease previously disabling, or they may be the 
heralds of future incapacity. The absence of symptoms, the disappear- 
ance of them, or the beginnings of discomfort will be the ultimate deter- 
minants of how such signs are to be interpreted. Similarly, symptoms 
without signs of pulmonary disease or symptoms associated with signs 
that are not pathognomonic of tuberculosis require careful study before 
it can be decided that phthisis of clinical significance exists. In this latter 
group, as in all obscure syndromes, the dangers of narrow specialization 
will be evident, for the earliest derangements of function are often sys- 

1 From the Kenneth Dows Tuberculosis Research Fund of the Johns Hopkins University 
and Hospital, Baltimore, Maryland. 

2 Presented at a meeting of the Philadelphia County Medical Society, Philadelphia, 


Pennsylvania, March 28, 1928, under the title, The Clinical Manifestations in Relation to the 
Early Diagnosis of Pulmonary Tuberculosis. 
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temic, seldom local, and the meaning of them may be misconstrued by one 
whose training makes him see with narrow vision and interpret with a 
special bias. The enthusiastic phthisiologist may see in a patient having 
unexplained fever, lessened physical reserve, gastrointestinal, respiratory, 
menstrual or circulatory disturbances, the proof of tuberculosis. The 
gastroenterologist will be prone to estimate such manifestations as of 
gastrointestinal origin: the gynecologist as of pelvic source: the cardiolo- 
gist as of circulatory genesis: the endocrinologist as the effect of a 
dyscrasia of the glands of internal secretion. Erroneous conclusions 
can be avoided only when every examination of every patient is a com- 
plete one, and when each specialist is something of an internist and each 
internist something of a specialist. 

It is difficult to define what is meant by the “early” diagnosis of 
pulmonary tuberculosis. Certainly it does not signify “early” in a 
chronological sense, for tuberculous processes may and often do remain 
symptomless for months or even for years. It cannot always denote 
“early” in the sense that the pathological changes are of very small 
extent, for the patients are as numerous in whom very circumscribed 
pulmonary lesions are or have been associated with severe or even 
incapacitating illness as are those in whom considerable pathological 
changes are present without a history of local or somatic discomfort. 
To be a useful connotation, “early” should be considered to signify 
“clinically early,’’ and, defined thus, it refers to the recognition of the 
disease promptly, before or just when it is beginning to cause the develop- 
ment of symptoms. 

The ability to recognize these earliest detectable indications of the 
malady is gained from a knowledge of the pathological changes that result 
when the tubercle bacillus invades the lungs, and from a familiarity with 
the disturbances of function, local and general, that may ensue because 
of the infection. The changes of structure give rise to local signs and 
may be responsible for focal symptoms; the alterations of bodily metab- 
olism lead to systemic disturbances. For convenience, patients with 
pulmonary tuberculosis may be classified in the way that Broadbent 
grouped those with aneurysm of the aorta as (1) with symptoms, (2) 
with signs and (3) with symptoms and signs. The early identification 
of the first and last groups is perhaps of greater importance than is the 
detection of the one with signs alone, for in the former the presence 
of systemic disturbances establishes the clinical activity of the focus, 
whereas, when symptoms are lacking, only anatomical derangement is 
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indicated, and to differentiate between clinical and anatomical disease 
makes necessary an accurate history of the patient. No single procedure 
gives more helpful clues to disclose an early fault than a record carefully 
and intelligently collated. Such acollation requires time, but the recog- 
nition of early disease is time-consuming. 

The chief importance of the family history is to establish whether or 
not there has been intimate exposure to tuberculosis in the home, for 
although direct heredity plays an insignificant réle in the spread of the 
disease, it is a widely accepted opinion that the greatest liability to 
infection occurs in childhood. A survey we have made recently indicates 
that, although the maximum incidence of infection is found in children 
living with actively phthisical relatives, the liability to infection is not 
much greater when the diseased relative was not known to excrete 
tubercle bacilli than when there was no known exposure. Prolonged 
extramural and extradomiciliary contact in infancy and childhood are 
important sources of contagion, and evidence is accumulating to indicate 
that exogenous infection in adult life is frequent. 

From the personal history of the individual much information is to be 
acquired. Although the symptomatology of pulmonary tuberculosis is 
protean, the suggestive manifestations are comparatively few. Of cardi- 
nal importance are haemoptysis, pleurisy with effusion, fever, rapid pulse, 
loss of weight and lack of endurance. Chills, sweats, thoracic pain, 
cough, expectoration, and digestive or menstrual disturbances, though 
important, are less significant. 

Blood that is expectorated may come from the nose or the gums; it 
may be raised in cardiac disease and in aneurysm, in chronic passive 
congestion of the lungs, after thoracic trauma, in pneumonia, bron- 
chiectasis, pulmonary neoplasm or infarction, in mycoses of the lung and 
when a foreign body is inhaled, in hypertension, haemorrhagic diathesis 
and in other disorders, but the most common cause of an haemoptysis is 
tuberculosis of the lungs. Until proved: otherwise, the coughing up of 
of blood suggests phthisis, even when other symptoms and physical signs 
are lacking. 

Pleurisy with effusion, apparently “‘idiopathic,” is so often of tubercu- 
lous origin or is the precursor of manifest pulmonary tuberculosis that a 
history of its occurrence calls for an especially careful examination of the 
lungs. 

Imbalance of the thermoregulatory mechanism of the body may be 
significant, particularly when no obvious explanation of the instability 
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canbefound. Diurnal elevation of temperature, slight though it may be, 
occurring in the latter half of the day, influenced perhaps by mental or 
physical activity, particularly if it is associated with loss of weight, lassi- 
tude and a rapid or irritable pulse, suggests the presence of tuberculosis. 
When correlated with other data, a wide spread between the daily 
maximum and minimum temperatures merits attention, even when the 
highest record of the day is only slightly above the normal line. Like- 
wise, a record of an antecedent, prolonged, febrile illness of undetermined 
nature may be suggestive testimony, though other chronic infections, 
local or systemic, and especially tertiary syphilis and subacute. endo- 
carditis, must be kept in mind. 

A persistently rapid pulse, marked variations of the rate of the heart 
induced by trivial causes, vasomotor lability evidenced by cardiac 
palpitation, by flushes, sweats or chilly sensations, though they occur in 
a host of different conditions, are at times indicative of absorption from 
tuberculous areas and, when other presumptive data are present, are as 
informative as a slight febrile reaction. 

Diminished capacity to endure without discomfort, effort or exercise 
that formerly was not productive of tiredness, or a transitory sensation 
of fatigue that recurs more or less regularly without apparent cause, 
especially when accompanied by loss of weight, slight fever, vasomotor 
instability or nervousness, occurs so usually in phthisis that it may be 
termed a pathfinder among the subjective disturbances of the disease, 
but hyperthyroidism, effort syndrome and systemic disorders of other 
types should be excluded. 

A history of frequent respiratory infections should be analyzed care- 
fully. One of the usual modes of onset of tuberculosis of the lungs is 
with a cold, so called. Whenever what seems to be an ordinary acute 
respiratory infection leaves as a residual symptom a cough that persists 
more than a month, disease of the lungs must be considered. Though 
relatively trivial and extrapulmonary sources of this symptom are en- 
countered frequently, a thorough thoracic examination should be made 
in every case. 

Gastrointestinal disturbances, often vague and ill-defined, developing, 
disappearing, recurring without apparent provocation, are frequent in 
early pulmonary tuberculosis and, when primary disease of the digestive 
apparatus can be ruled out, are very suggestive. Not infrequently in 
phthisis digestive symptoms are the only ones complained of, and it 
happens often that the chest is not examined until the disease has become 
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advanced. ‘The presence of fistula-in-ano demands investigation of the 
lower respiratory tract because of its frequent association with tubercu- 
losis of the lungs. 

Especially when there is no anaemia, a state of undernutrition, loss of 
weight without apparent cause, and inability to gain weight, when a 
regimen of rest, hyperalimentation and roborant measures have been 
instituted, indicate phthisis as a possible cause. of the condition. 
Amenorrhoea that is not the result of local pelvic disease, or does not 
accompany or follow an acute systemic malady, or is not due to disturb- 
ance of the glands of internal secretion, may be asymptom of pulmonary 
tuberculosis. 

A record of gassing is without especial significance, and respiratory 
symptoms that date from an attack of influenza are often the result of 
persistent nontuberculous basal disease. 

It is to his family physician that the individual comes with his com- 
plaint of one or more of the symptoms mentioned. He does not consider 
that he has other than some minor ailment. With justice he expects the 
general practitioner to tell him the cause of his indisposition, to relieve 
his discomfort. The doctor, who is informed of the relative importance 
of the subjective disturbances discussed, should be trained so to examine 
his patient as to establish or exclude phthisis as the cause of the illness. 
In many instances the proper conclusion can be arrived at only by 
elimination. The failure of the general practitioner promptly to recog- 
nize that pulmonary tuberculosis is the cause of his patient’s complaints 
results more often from lack of time and failure thoroughly to examine 
the individual than from want of information. The mill of the successful 
doctor grinds hard and fast. Too frequently the urge of other demands 
leads to haste and prevents the concentration needed for a close study of 
thesingle patient. The devastating effects of a sense of hurry, generated 
by a consciousness of other tasks awaiting attention, are the most fruitful 
causes of errors in this as in all other fields. So much has been said of 
the difficulties of detecting early pulmonary disease, so much has been 
written about the need of ability to appreciate slight changes of thoracic 
resonance, of modifications of the respiratory murmur and of various 
types of rales, that the average physician has despaired of acquiring the 
needed skill and a group of so called specialists has been brought into 
being. But the patients with the-early evidences of tuberculosis, as well 
as of all diseases, are still seen first by the general practitioner, and only 
when the latter’s efforts are insufficient and that insufficiency is recognized 
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by the patient or by the doctor himself is consultation sought with the 
specially trained man. It is true that instances will be many when de- 
tailed special studies by particularly trained students will be needed to 
establish the existence of a minimal focus of tuberculosis of the lungs; 
however, if what has been said of symptoms is borne in mind and is 
correlated with the facts to be discussed, the number of early cases of 
phthisis that will pass undetected by the nonspecialist will diminish in 
number. 

As well purchase the unseen contents of an unopened box as venture a 
diagnosis of pulmonary disease without a careful examination of the chest. 
Such an admonition may seem unnecessary, but it is not if one stresses the 
designation “careful.” 

Merely to carry through the manoeuvres of inspection, palpation, per- 
cussion and auscultation does not suffice if the signs of a small and local- 
ized focus of disease are to be discovered. To be worth while, every 
investigation must include a survey of the entire body and an especially 
minute study of the upper respiratory tract and of the circulatory sys- 
tem, as well as of the bronchi, pleura and lungs. 

The evidences of the earliest detectable tuberculosis of the lungs are 
often extrapulmonary,—labile temperature with afternoon rise, accelera- 
tion of the pulse, cyanosis of the finger tips, etc., are presumptive signs 
when the history points the way and signs of extrathoracic disease are 
wanting. 

Inspection gives information of the first order and ranks with auscul- 
tation in the value of the data it may give. The configuration of the 
chest is of little importance in early cases, but localized retraction, a 
slight flattening of one side of the thorax, that is not due to bony de- 
formity of the ribs or of the spine, may be significant. The lagging of 
one side during inspiration or a diminution of expansion of the upper 
thorax not infrequently is the first clue to localize the disease. To 
detect these changes the patient should be stripped and viewed in a good 
light with the two sides illuminated equally. 

Modification of the vocal fremitus over the upper thorax may be 
detected occasionally even when pulmonary involvement is not extensive, 
but it is not usually noted when the disease is in its early stages. 

The usefulness of percussion to discover slight changes of pulmonary 
density varies, for skill in the art of percussion is difficult to acquire and 
is attained by few. No absolute standards of what is a normal note can 
be set; the resonance in given cases will be influenced by the form and 
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resilience of the chest, by the thickness of the thoracic wall, and by the 
posture of the patient. The auditory and tactile acuity of the observer, 
his appreciation of pitch and quality of tone all vary, so that it is difficult 
to state dogmatically which changes in the expected note are indicative of 
intrathoracic disease and which are not. Consequently, it is doubtful 
if the unpractised will find percussion of much assistance in discovering 
slight changes in the lungs. When light percussion is used, relatively 
little apical or subapical infiltration may be revealed by a diminution of 
the resonance in the supraclavicular or infraclavicular regions or over the 
supraspinous fossa, or more readily by a narrowing of the width of apical 
resonance. Such changes, however, are more informative when they are 
associated with auscultatory signs, such as a similarly localized diminished 
or increased transmission of the breath-sounds, a wavy or sago type of 
inspiration, a prolongation of expiration, or an elevation of the pitch of 
the respiratory murmur. The latter are frequently the earliest objective 
evidences of pulmonary disease and are often overlooked. They can 
be appreciated only when real care is utilized, but are of great helpfulness 
when present. 

The most constant and significant sign of tuberculosis of the lungs is a 
shower of medium moist inspiratory rales heard constantly over one or the 
other apex, in the first or second interspace, or above the spine of the 
scapula with or after expiratory cough. Bearing in mind the fact that 
tuberculous processes are situated most often in the upper lobes of the 
lungs, this distribution of the physical signs is not surprising. It is well, 
however, to note that auscultation over the body of the scapula now and 
again discloses abnormalities and that the apex of the axilla should be 
explored in every patient. Recently, considerable attention has been 
given to the frequency with which infraclavicular localization of the 
tuberculous infiltration occurs. Fishberg attributes to Wessler the 
credit for noting that the infraclavicular site is a usual one in tuberculosis, 
although Fowler had emphasized this finding in 1898 before the X-ray 
was available for use in medical practice. In patients with recent 
infiltration, these adventitious sounds are not audible during quiet breath- 
ing but are heard only during forced respiration or are elicited by a quiet 
cough made at or near the end of expiration. They are audible with the 
tussive effort or during the early part of the succeeding inspiration. 
Often the reason that they are not heard is because the observer does not 
instruct his patient to exhale first, then to cough gently, and then to 
inhale while he, the listener, concentrates his attention upon the sounds 
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heard during the cough and the beginning of the succeeding inspiration. 
No type of rale is pathognomonic of tuberculosis in spite of many opinions 
to the contrary: persistence and site are more significant than is the 
character of the adventitious sounds. Over deeply situated foci, rales 
may be audible even when the resonance is not modified. Diminished 
resonance and a changed respiratory murmur may be the only physical 
signs of an inactive process. Dry rales or crackles may and do persist 
long after a focus has become quiescent or healed, and transitory rales 
are of little significance. The rales of bronchitis are rarely persistent, 
are seldom localized at the apical or subapical regions, are more commonly 
bilateral, and are usually basal. 

The diagnostic problem may be relatively easy when many of the 
cardinal symptoms are associated with some or all of the foregoing 
physical signs, but it may be difficult or unsolvable, for the time being 
at least, when there are symptoms or signs alone. Fortunately, other 
methods of investigation are available. Of these, with the exception of 
the roentgen-ray, Dr. Krause will tell you (1). 

Since Laennec and his followers described methods of physical examina- 
tion, members of our profession have striven to perfect them. Inspection, 
palpation, percussion and auscultation have been practised by all students 
of physical diagnosis and with the aid of these fundamental procedures 
most pathological conditions of the bronchi, pleura and lungs have been 
recognized. Properly practised, inspection means not simply looking 
but seeing. Palpation connotes not only feeling but appreciating what 
is felt. Percussion signifies not merely tapping the thorax and eliciting 
sounds but evaluating what is heard, and auscultation implies that the 
auditor has learned to appreciate the significance of the sounds that set 
his tympanum in vibration. To acquire skill in the utilization of these 
ordinary methods demands not merely facility in the technique of the 
several manoeuvres but the ability to correlate physical findings with 
anatomical conditions. Clinical diagnosis cannot be accurate unless 
he who would establish it has a knowledge of normal and pathological 
anatomy and physiology. 

Through the years since the foundations of physical diagnosis were 
laid, a superstructure of established diagnostic data has been built by 
investigators equipped properly, but even when genius was coupled with 
technical skill many foci of pulmonary disease escaped detection until 
a necropsy disclosed them. Before Roentgen bridled the X-ray and 
blazed the trail for other pioneers to discover how it could be employed 
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to disclose pathological conditions, further advance in thoracic diagnosis 
seemed unlikely or slow to be achieved. Within a few years the ray 
came into general use as a means of thoracic exploration and some 
developed an attitude of skepticism as to the worth of the older methods. 
Many came to regard the new procedure as infallible, considered it a 
ready way of establishing the presence, location, extent, clinical signifi- 
cance, and even the etiology of foci of disease within the respiratory 
organs. Physicians, undrilled in the school of clinical experience and 
unversed in pathology made diagnoses by a shorthand method that 
seemed quite easy. To the experienced clinical thinker it became ap- 
parent soon that errors abounded when reliance was placed upon such 
isolated data and the pathologist had a chance to jeer at his clinical 
brethren even more often than was usual. 

From the chaos that followed the early overenthusiastic reliance upon 
roentgenographic data, there has evolved a more accurate estimate of 
the method. Experience has taught that it is an accessory; another and 
a valuable aid in the study of disease. Added to the facts acquired from 
a history, from a careful physical survey and from the clinical laboratory, 
the information furnished by the roentgen-ray acquires its true signifi- 
cance. If the comparative utility of the roentgen-ray and of other 
methods of diagnosis is to be learned, it is necessary that we have not 
merely technical skill and knowledge of pathological conditions but 
intellectual honesty as well. For example, if one would estimate the 
worth of percussion to himself, he must interpret the findings he obtains 
from percussion, uninfluenced by his other observations. Too often 
the data elicited by one method are made to dovetail with those that seem 
theoretically better to accord with the facts elicited by another. Such 
unwarranted correlation leads to diagnostic inaccuracies, but more 
disastrously it leads to failure to establish the limitations of a given 
procedure. Uninfluenced recording of the findings determinable by each 
method of diagnosis will give a true appraisal of the accuracy of each. 
Similarly, with the roentgen-ray. In my opinion, no one can qualify 
properly as a clinical roentgenologist until he has acquired a knowledge 
of normal structure and pathology, and by experience learned to know 
how nearly he can relate clinical and anatomical findings with the radio- 
graphic variations he notes. 

To recognize the changes caused by disease it is essential that the 
normal be known and that the variations of the normal be established. 
In order definitely to determine just what appearances can be interpreted 
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as within the limits of normal and to crystallize the views that had been 
acquired in years of desultory observation, a study of the problem was 
undertaken under the auspices of the Research Committee of the National 
Tuberculosis Association. Several hundred healthy children were ex- 
amined by a group of three internists and three roentgenologists. Indi- 
viduals were chosen from various strata of society, rural and urban 
dwellers, foreign and native-born, school attendants and residents of 
institutions, those intimately exposed to tuberculosis and those not so 
jeopardized, all symptomless and apparently healthy. The members of 
the group were soon impressed with the fact that roentgenographically 
the findings varied so widely that an exact description of the normal 
could not be made. 

Similarly, the studies of this group showed that the theoretically clear 
chest of normal adults is not readily found. The adult has weathered the 
storms of many respiratory infections; his respiratory tract has been 
assailed by dusts and irritating fumes and the scars of the conflicts re- 
main. Consequently, it is well to remember that many changes that 
would be distinctly abnormal if seen in the roentgenographs of the 
youthful chest are to be regarded as variations without significance when 
they are encountered in the study of adults. 

The foregoing observations emphasize the need of familiarity with 
the appearance of the thoracic roentgenographs of apparently healthy 
individuals if faulty conclusions are to be avoided. 

In the study of diseases of the lower respiratory tract the roentgen-ray 
is useful from several standpoints: 

1: It is a valuable control of the accuracy of the data furnished by 
other means of physical examination, and thus furnishes an appraisal 
of the utility of these methods. 

2: It serves accurately to locate, outline and determine the extent of 
foci of disease. 

3: It may disclose a causal focus of symptoms in patients in whom 
physical examination fails to discover it there because of its inaccessible 
location or because it is masked by other conditions. 

4: It gives a graphic record, so that the advance or retrogression of the 
pathological process may be followed accurately. 

As a means of appraising the accuracy of other methods of physical 
diagnosis, the roentgen-ray is perhaps most useful in estimating the 
value of percussion. Every clinician can recall instances when he has 
elicited as the only abnormal finding a note over the lungs that was 
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slightly or definitely less resonant than he thought it should be if the 
lungs were normal and yet no evidence of altered density was shown on 
the roentgenograph. 

Did this indicate the unreliability of the method of percussion? Un- 
fortunately, data on this question are meagre, largely because the per- 
cussor has failed usually to note whether or not he considered the change 
he found as significant, and without further study the discrepancy was 
ignored or attributed to a shortcoming of the older procedure. Until 
clinician and roentgenologist use a terminology understandable by each, 
such problems will remain unsolved. If each worker affirms in every 
case whether or not a deviation of the note from what he considers 
normal in that case is significant or not, whether he considers it due to 
abnormalities of the thoracic wall or of the thoracic contents, pleural 
or pulmonary, an explanation of such discrepancies will be forthcoming. 
Conversely, when the percussion note is considered normally resonant 
and the radiograph shows increased density, the greater relative accuracy 
of the X-ray in that case will be indicated, and by reviewing the physical 
examination the investigator will acquire greater skill. When a precise 
terminology is utilized and correlations are established, it will not be 
long before each worker will appreciate the usefulness and the limitations 
of percussion to him in the detection of slight changes of density. Obser- 
vations carried out in such fashion that clinician and roentgenologist were 
able to exchange views in a language understandable to each have shown 
that the apparent inaccuracy or shortcoming of percussion in the detec- 
tion of many infiltrative lesions may be due to the fact that the infiltration 
is of slight density and contains much air, as in many cases of tuberculosis 
of the lungs, that lesions are undetected by percussion because of the 
amount of normal lung overlying them, that hyperinflation or emphy- 
sema may mask a diminution of resonance that would have resulted from 
an area of increased density covered by it, and that very slight changes 
in resonance unassociated with other abnormalities may be due to altered 
resilience of the thoracic wall. 

The same comments apply, but less strikingly, to slight alterations of 
the breath-sounds that may be detected by auscultation. 

Often the roentgen-ray defines, localizes and measures the extent of an 
area of pulmonary disease more accurately than do the other methods 
of physical examination. Frequently, too, it discloses the presence of 
processes not detected by the most careful physical exploration, or it 
gives an early indication of beginning resolution or of spread. For this, 
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if for no other reason, no thoracic examination can be considered complete 
unless a radiograph of the lungs has been made. 

It is the consensus of opinion that infiltrative foci within the upper 
third of the chest, above the third rib and the third dorsal spine, are 
usually of tuberculous origin, whereas changes in the basal zones, that 
are not in continuity with those in the upper thorax or that become less 
marked there, are generally considered of nontuberculous causation. 
Further, it is a working rule, to which there are many exceptions, that 
changes that become more dense toward the apices are most often the 
result of infection with the tubercle bacillus, and, conversely, that lesions 
that increase in magnitude toward the base are of other origin. But 
such data are suggestive only; they can do no more than indicate the 
likely etiology of the changes observed. The clinical course, the demon- 
stration of the tubercle bacillus, the reaction to tuberculin, etc., are 
needed for precise proof of causation when the radiographic appearances 
suggest that a given process is tuberculous. 

The roentgenographic appearance of the youngest tubercle is not 
known, though some believe it represented by the minute ill-defined 
shadows designated variously as ‘“‘budding-twig,” ‘‘cottony,” ‘“snow- 
flake” irregularities seen along the radiations of the bronchovascular tree 
in the subapical or apical regions of the lungs. Probably the conclusion 
is more sound than when the film shows in the upper third of the chest 
small, more or less discrete shadows with hazy ill-defined margins,—a 
so called “soft spotty mottling or infiltration,’’—when it is the conglom- 
erate tubercle that is visualized. When such areas coalesce, light 
areas may be seen in the zones of confluent density, indicating that con- 
solidation is not complete. Shadows of this kind have been studied 
over periods of time in individual cases and the changes they have 
undergone have been correlated with the clinical course of the disease. 
Such observations have taught that an increasing marginal haziness of 
shadows, a first appearance of ill-defined areas of increased density, a 
coalescence of such areas and a clearing of others indicate, as a rule, 
clinical retrogression, for any or all of them may persist or accompany 
the development or increase of constitutional symptoms, fatigue, cough, 
expectoration, etc. And, conversely, decreasing haziness, better defini- 
tion, and clearing of clouded areas may accompany or follow symptomatic 
improvement. 

On the basis of this evidence it is conceded generally that moderately 
dense shadows, the poorly defined margins of which merge imperceptibly 
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into the surrounding texture, are indicative of anatomically active loci of 
disease, and that as the disease advances the haziness increases. Simi- 
larly, the correlation of clinical and roentgenographic data demonstrates 
that sharply demarcated dense shadows are evidences of anatomically 
inactive disease. As healing progresses, not only do discrete or confluent 
shadows become denser and less poorly outlined, due to the loss of pe- 
ripheral haze, and not only may evidences of calcification appear, but 
accentuated, cottony, thickened lines along the bronchovascular trunks 
become more sharply outlined threads that in time become intertwined 
mesh-like markings. In addition to such changes, more or less localized 
in a larger or smaller part of an upper lobe of one or both lungs, there may 
be a band of thickening along an interlobar fissure, a general haziness of 
the film, the result of a proliferative pleurisy or an obscuration of the 
costophrenic angle. 

The foregoing are the changes noted usually in so called early pul- 
monary tuberculosis, but it must be remembered that in early clinical 
tuberculosis of the lungs the marks of other healed processes may be 
visible. 

If the true significance of the changes described is appreciated, the 
detection of them is useful diagnostically, but it must be reémphasized 
that the clinical activity of a disease is determined by the presence of 
symptoms, and by the evidence of ill-health, factors that cannot be 
measured by the X-ray. 

Valuable aid that it is, the X-ray is not infallible and in no case can 
the utilization of it take the place of a careful physical examination and 
a clinical survey. Thus, several patients have been observed in whom 
the classical signs of lobar pneumonia were demonstrated by physical 
examination and the area of solidification underwent resolution and 
cleared, yet at no time did the X-ray show any pathological alterations 
of the lung. For this discrepancy a satisfactory explanation is lacking. 
Instances are numerous of patients who have had a frank haemoptysis 
and whose subsequent course showed the bleeding as due to pulmonary 
tuberculosis, yet roentgenographs disclosed no focus of disease at the 
time of the haemorrhage. Again, there are patients with symptoms of 
pulmonary tuberculosis with rales at or below an apex, and with tubercle 
bacilli demonstrable in the sputum, the X-ray films of whose chests fail 
to show evidence of disease. Then, too, in occasional cases of acute 
fibrinous pleurisy, roentgenographic examination is negative even when 
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clinical examination indicates the existence of a widespread plastic 
exudate. 

Perhaps improvements in technique along the lines suggested by Mc- 
Phedran and others may lessen the frequency of such discordant findings. 

In summary, the following points may be reiterated. The recognition 
of phthisis in its clinical course should be founded on a carefully collated 
record of symptoms, together with the facts obtained by a painstaking 
and complete examination of the patient. The bacteriological, serological 
and roentgenographic laboratories furnish valuable and necessary data, 
but the information they give constitutes only accessory diagnostic 
criteria. In many instances the conclusion that significant tuberculosis 
of the lungs exists can be established only by a process of exclusion. 
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REMARKS ON THE LABORATORY DIAGNOSIS OF 
PULMONARY TUBERCULOSIS:? 


ALLEN K. KRAUSE 


As his experience broadens the “laboratory man” must become more 
and more impressed with the limitations that hedge his own contributions 
to the diagnosis of tuberculosis, particularly pulmonary tuberculosis. 
There was a time, a short ten years or so, when his part was simple and 
clear and unequivocal. Remote from the patient, and with only a 
single trick in his bag, he rendered judgment beyond appeal; and in 
those days specimens were coming to Trudeau from far-distant quarters, 
as it was noised about that there was a doctor up in the Adirondacks 
who could tell consumption from bronchitis by looking at the sputum. 
For, if it showed the “bugs” you had phthisis, and if it didn’t show them 
you as certainly couldn’t be thought of as phthisical. 

Then tuberculin. Now to the host of sputum-positive consumptives 
was added a growing company of the constitutionally reacting. Certain 
standards of dosage and responsiveness, perfectly arbitrary ones it is 
true, were set. If you “played up” in the right way to the proper 
quantity of tuberculin, you took a new path to the sanatorium which 
meanwhile was getting under way. Gathering momentum, too, was the 
clamor for ‘early diagnosis.” To be saved you must be rubricated as 
soon as the existence of tuberculosis could be proved, and how sooner 
than by a positive reaction to tuberculin? Germs in the sputum meant 
really advanced trouble, for they denoted pulmonary ulceration. To 
wait for their appearance was, often, to throw away your chance of 
recovery. Treatment would gain in effectiveness only as diagnosis could 
be pushed further and further back in the natural history of the infection. 

This was the heyday of the Brahmin of the tuberculosis laboratory. 
The results of tuberculin testing and the mounting propaganda for 
Early Diagnosis played beautifully into each other’s hands, as mean- 

1 From the Kenneth Dows Tuberculosis Research Fund of the Johns Hopkins University 
and Hospital, Baltimore, Maryland. 

2 Presented at a meeting of the Philadelphia County Medical Society, Philadelphia, 
Pennsylvania, March 28, 1928, under the title, Laboratory Findings in Relation to the Early 
Diagnosis of Pulmonary Tuberculosis. 
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while phthisiophobia got off to a flying start. By about 1905 it wasn’t 
at all hard for a man with a syringe, specially graduated for the new 
diagnosis, to make a lot of ‘‘lungers” in what seemed like rather limited 
space and time. And with only fifty or sixty sanatoria in the country 
at the time the situation began to look serious. 

Naturally, the clinician was not to be outdone in this sleuthing for 
curable consumptives. He began to examine the tuberculin reactors— 
“intensively,” as the saying is—and soon began to find things in the chest 
that went with reactivity to tuberculin. There were percutory im- 
pairments; but—more—aberrations of breath-sounds. It is true that as 
far back as 1866 Austin Flint had said as much as was necessary to make 
an examiner a first-class topical diagnostician of pulmonary tuberculosis. 
He had advanced from large moist (mucous) rales, Laennec’s early signs, 
to subcrepitant and crepitant rales,—to him accessory signs or inferential 
evidence of tuberculosis. Alive to the importance of localization of 
adventitious sounds he had pointed out how “heard within a circum- 
scribed space at the summit of the chest on one side” they “are highly 
significant of tubercle.” But to the general run of physicians of 1900 
Flint, on the approach to tuberculosis, was still caviar. So the new 
clinicians discovered that tuberculin reactors would yield crepitations, or 
roughened breathing, or prolonged expiration, and by the usual, though 
not necessarily trustworthy, reasoning set up these changes as the ear- 
marks of tuberculosis. For a while there were some pretty flashy as well 
as ponderous professional reputations built on a rather uncanny knack at 
making consumptives out of mortals who breathed over-harshly out of a 
patch with an impaired (to the examiner’s ear) note at the top of a lung. 

But some enthusiasts got to testing too many subjects with tuberculin. 
The growing number of reacting candidates with abounding vigor and 
health began to insult clinical intelligence. Meanwhile troops of citizens 
pursued to their advantage their more or less rocky daily round, even 
though their apices kept on crackling a bit under the alert ear of the 
aroused phthisiologist. About this time, yet a little too ‘“‘previously,” 
Naegeli and Burkhardt sprung the sensation of “universal tuberculosis,” 
supported by the cadavers of Ziirich and Dresden, to match the “ubiquity 
of the tubercle bacillus” that the epidemiologists were talking about. 
There dawned the idea of a pulmonary tuberculosis in two states. 
There was, it appeared, a condition of inactive tuberculosis presenting a 
broad and variegated range of possibilities to worry the clinical examiner, 
who was frequently hard put to it to distinguish its objective features 
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from those that certified what was plainly the real thing,—tuberculosis 
affecting function and on its way to further trouble, the active tubercu- 
losis of the clinician. 

It was rather tough on the clinical examiner, who had just succeeded 
in getting physical diagnosis down to a fine point, and with a profession 
that made ready with a few neat little signs to “pluck the brands from the 
burning;” for there had been meanwhile no let-up in the warnings from 
the exhorters that to wait for bacilli in the sputum might be to begin 
successful treatment too late. So, just when the clinician was about to 
come into his own, the appeal again went out to the laboratory,—for the 
sign that would tell active from inactive tuberculosis. 

We had our opsonins and aggressins, and Arneth’s shift to the left, 
all the natural response of the laboratories of an Ehrlich era that staged 
its tournaments of antigens and antibodies in the serum of the blood. 
Even Koch toyed with agglutinins, and the annual Jahresberichte owed 
much of their bulk to the tall stories told by dozens of serum-scouts busy 
at reconnoitering for precipitins and lysins. Bordet and Gengou and 
Wassermann had had too good luck with syphilis to permit their methods 
being untried in tuberculosis. Indeed, if there is any trick with the 
blood or the serum, as applied to any disease and to pregnancy, that has 
not had its day in tuberculosis, and always with alleged success, the 
literature fails to record it. The best commentary on the diagnosis of 
tuberculosis va the blood or blood-serum is that to-day, after twenty or 
thirty years, we are still asking for such a detector, not only of active 
tuberculosis, but of just tuberculosis, of surely tuberculosis and nothing 
else where tuberculosis really exists, if in only 90 per cent or three- 
quarters of its incidence. 

In all this welter of serological intoxication Pirquet appeared, this 
time with a new, an easy, a not disagreeable tuberculin test, designed 
and broached with but a single purpose,—to distinguish active from 
inactive tuberculosis. By 1909 some pretty “husky” people, lately 
down perhaps with a few days of cough and fever, and at any rate witha 
5 x.5-mm. spot of redness and induration on the forearm, began to turn 
up at the sanatoria for treatment. And, for a few years they stayed their 
six months, and departed “apparently cured.’”’ Again the candidates 
for the sanatoria grew too numerous. The Pirquet test, it soon ap- 
peared, was combing too fine and sweeping too clean. It was picking 
out tuberculosis about like trichloracetic acid in the urine hunted down 
Bright’s disease: apparently every one had just about as much tuber- 
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culosis as they had albuminuria. By 1912 so much had become a 
certainty. And about that time, too, a rather cynical writer on tuber- 
culosis suggested that the remarkable results of sanatorium care of 
incipient tuberculosis might be owing to the possibility that many 
incipients, remanded to institutions because of Pirquet reactions with or 
without minimal apical signs or because of either alone, had never been 
ill with tuberculosis: maybe the more severely ill had been convalescing 


from a heavy cold. 


The Pirquet-test episode is not the last of its kind; indeed, there have 
been several minor ones since, and in the future there will be more, 
some perhaps of even greater importance. Now, the search of the 
sputum for tubercle bacilli and the testing of the subject with tuber- 
culin can in reality be diagnostic measures of the utmost value; that is, 
they will be if they are used in their right place and their disclosures are 
given their proper weight. Writers will differ on both of these points. 
But out of the story, told above, one opinion emerges: clearly and, it 
would seem, incontrovertibly. It is this: 

That no laboratory procedure can at present carry the whole load in the 
positive diagnosis of tuberculosis. This means that, taken by itself, no 
single laboratory finding, not even the presence of tubercle bacilli in the 
sputum, or combination of findings, is capable of establishing a positive 
diagnosis. In this connection it must be remembered that the illness of a 
patient with tubercle-positive sputum may at the time be due to some 
other disease. Accordingly, a positive sputum becomes pertinent only 
as it can be correlated with the clinical features of a case. ‘True, it 
signifies tuberculous infection; but so does a positive Pirquet test. True 
again, it will be found in immeasurably fewer inactive cases than will a 
positive Pirquet. But it is also true that occasionally it will accompany 
a tuberculous condition that cannot be conceived of as active by any 
functional standards. 

Yet it is on its positive side that the examination for tubercle bacilli 
is of greatest value in diagnosis. As is now well-recognized, the absence 
of the germs will not justify a diagnosis of no tuberculosis in the face of 
other evidence of the disease; accordingly, the case under investigation is 
not settled by negative-sputum reports. 

The outstanding service of the disclosure of tubercle bacilli is in making 
absolute, diagnoses which otherwise can be no more than probable or 
presumptive; and until germs are found the latter is, in scientific truth, 


{ 


LABORATORY DIAGNOSIS OF PULMONARY TUBERCULOSIS 55 


the most our other diagnostic measures can do in the ordinary case of 
early tuberculosis of limited anatomical involvement and in every obscure 
or difficult case. Hence the importance of keeping everlastingly at 
examining the sputum in every still undiagnosed case, or every case 
considered as tuberculous yet with sputum reported as negative. Hence, 
too, the value of other methods of approach, such as the examination of 
throat swabbings of infants or children, who are ostensibly without 
expectoration, or of the faeces of children and of some adult patients who 
deny expectorating. In patients diagnosed as tuberculous the search 
for tubercle bacilli should go on repeatedly and unremittingly as long as 
they are under treatment and, at the very least, until an authenticated 
positive finding is obtained. If this procedure were in vogue more 
generally the number of so called “closed” cases of actual tuberculosis 
would shrink enormously. As it stands now, one must believe that the 
permanently sputum-negative cases, under treatment for active tuber- 
culosis, include a not inconsiderable proportion of nontuberculous condi- 
tions. As one’s acquaintance with tuberculosis grows one begins to 
doubt whether pulmonary tuberculosis traverses prolonged periods of 
clinical activity without, at some time or other, shedding off bacilli. 
A plea for the general tightening up of the technique of collection and 
examination of the sputum may not be out of place here. The character 
of many specimens received in laboratories and their slipshod handling 
afterward are enough to make one wonder as to just how trustworthy the 
average of reports may be. I have seen senior house-officers in first-class 
hospitals begin with the sputum in a narrow-neck dark bottle, then intro- 
duce ‘the platinum loop blindly, withdraw whatever mucus clung by 
chance to the loop, smear this on a slide, stain, and, after a rather casual 
survey—search would be altogether too inaccurate a term—report the 
specimen as negative. In other words, there were violations of good 
technique at every single stage of the examination. We waste untold 
time and breath particularizing physical diagnosis to the physician who 
doesn’t use the stethoscope, or who doesn’t know how to use it properly, 
or who is too indolent to do so; and we therefore discount the results of 
all our talks on the subject by just so much. In similar manner, I 
suppose we must allow for a fair sum total of misfeasance, malfeasance 
and nonfeasance on the part of any audience that gathers to hear us hold 
forth on laboratory methods. Quite likely the microscope has its 
slackers and bunglers to match those of the stethoscope. Nor will it go 
without saying that, just because it is inherently an instrument of greater 
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precision, the microscope in practice actually yields to diagnosis more 
accurate contributions than the stethoscope. It should do so; but does 
it? Idon’t know. But I do know that a large proportion of specimens, 
as they are sent in by patients, are thoroughly worthless material, 
whose examination can mean only waste of time, and I am certain that 
only too often their examination rates at nothing better than from 
merely perfunctory to completely incompetent. 

If ever a laboratory diagnosis required material obtained with rigorous 
care, it is in that case of probable early tuberculosis in which the labora- 
tory report will count. Yet, again and again the sole advice given the 
patient is no advice at all: it is the bare request for a specimen of sputum 
to be brought in a bottle: “advice” that is just as broad and long and 
serviceable and sometimes as disastrous as that given by way of treat- 
ment when the patient is told to “go West’’—that, and nothing more. 

Merely ordinary practice demands that the practitioner explain to the 
ordinary patient every precise particular of the collection of a specimen. 
The description will include what sputum is, and where it should come 
from, when and how it can probably best be “‘raised,” the proper “‘toilet”’ 
of expectoration, the most desirable container, and the care of the recep- 
tacle,—all with the purpose of avoiding nasopharyngeal accumulations, 
particles of food and the sordes of the night, blue or brown bottles with 
narrow mouths, molds and other contaminators that have dropped in 
from the atmosphere, and fouled receptacles. 

But the best specimen is not fool-proof; nor need a bonanza be pro- 
ductive for the prospector who goes at it “hit or miss.” It is especially 
in early tuberculosis that we don’t look for much sputum, nor do we 
expect it to be uniformly purulent. In no phase of phthisis is there a 
“pathognomonic” sputum, yet there is a sputum that is rather charac- 
teristic of tuberculosis, and which is met with more commonly in the 
early phases of the disease. The amount expectorated is small, a 
teaspoonful or two brought up only in the morning, and the character is 
almost purely mucoid with here and there a fleck of opaque yellow, the 
tell-tale mark of pus. More commonly than not these particles of pus, 
transferred to the slide, will show tubercle bacilli; and, when these speci- 
mens are positive, it is usually in the pus, and it alone, where the bacilli 
can be found. And this brings us to the prime manoeuvre in searching 
for tubercle bacilli in materials from any source, which is this: If there 
is any pus in the specimen, go to it for the germs, for it is in the pus of 
tuberculous foci where most bacilli reside. In spinal fluid it will be in the 
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coagulum that forms over night. Rice bodies, found not infrequently in 
sputum and urine, will now and then show bacilli in greatest abundance, 
for rice bodies are the bits of distintegrating caseous tissue that have not 
as yet undergone suppuration. 

To the trained worker the pus of the sputum can offer valuable diag- 
nostic suggestions. When, examining the same patient’s sputum day 
after day, the laboratory man observes it continually purulent, or muco- 
purulent with a large proportion of pus, yet lacking tubercle bacilli, he 
begins to think of a nontuberculous origin,—of bronchitis, or bronchiec- 
tasis, or abscess. He asks whether signs are diffuse or circumscribed, 
and, if circumscribed, where they are localized. He counts and types the 
leucocytes of the blood, and follows the temperature closely, observing 
too the severity of the constitutional disturbance and the appearance of 
the extremities. He carefully goes into the nature of the cough. And, 
now, piecing his evidence together, he hits upon bronchiectasis after he 
learns definitely that his patient has since childhood been bothered 
with a spasmodic cough, its onset dating to whooping cough, or measles, or 
some other acute respiratory affection. This, in short, is an example of 
how a correct diagnosis, originating in a tuberculosis suspect or a case 
definitely under treatment, can be started on the right path by the labora- 
tory. Moreover, it is not a fanciful ‘‘set-up.” 

And, too, this recital may allow the digression that bronchiectasis is 
a very common disease; that the classical three-layered pathognomonic 
sputum is the mark of the finished process, the end-stage of a long, long 
journey; that before the sufferer reaches this acme he often passes 
through a phase, perhaps years, of mucopurulent, nonputrefactive 
sputum; that there are more, many more, bronchiectatic cases with the 
latter type of sputum than with the stratified, stinking variety; that 
these earlier-stage patients are frequently sent to tuberculosis resorts, 
and there treated for tuberculosis; that usually the diagnosis is not 
particularly difficult ; that a little attention to detail will put one straight, 
and, all important, a few simple general principles,—restricted basal 
localization, years of coughing the chief complaint, constitutional dis- 
turbance suspiciously slight in view of severity of local symptoms, the 
clubbed fingers,-and so on; and that the laboratory’s pointer is a long- 
continued purulent sputum without tubercle bacilli. 

To repeat: When the sputum is persistently purulent for a long time 
and as persistently fails to show tubercle bacilli, the presumption is 
away from tuberculosis. And it may be interjected: When the urine is 
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purulent, and a routine methylene-blue stain of the sediment discloses it 
as sterile, the presumption is toward tuberculosis, usually of the kidney: 
it is now time for the Ziehl-Neelsen stain and guinea-pig inoculation. 
When the spinal fluid is purulent to outspoken turbidity, the chances are 
against tuberculous meningitis: characteristic of this condition is the 
water-clear fluid that throws down the filmy coagulum on standing. 

If time permitted, one might profitably touch upon many points, all 
eminently practical, that have their place in the searching of specimens 
for tubercle bacilli. But we must hurry along to the second main agent 
of laboratory diagnosis, if indeed we may call it a method of the labora- 
tory,—that is, tuberculin testing. Yet, before we enter upon this field, 
let us summarily jot down a few maxims that have crystallized out of the 
school of experience. 

For instance: in cases of haemoptysis, try to get specimens of the spat- 
up blood, and examine these for tubercle bacilli. A positive result here 
can be extremely important in cases of onset of phthisis with haemoptysis, 
or in those cases of all symptoms and few or no signs, not even roentgeno- 
logical, when, if the trouble is proved to be tuberculous by the finding of 
tubercle bacilli in sputum or expectorated blood, we may be dealing 
with hilum tuberculosis, which is anything but a rarity in adolescents 
and young adults. Here, if you “get in on the ground floor,” is often 
early tuberculosis at its best. The trouble is that so many of these 
cases go begging for a diagnosis for so many years that when it is made 
the process has progressed to more peripheral involvement and the 
clinical origin at the root is overlooked. 

In inoculating guinea pigs with sputum or other material, as a routine 
do this subcutaneously in the groin and not intraperitoneally. The 
peritoneum will take care of more tubercle bacilli without effect than 
the subcutaneous tissue: therefore, the likelihood of more missed infec- 
tions via the peritoneum when the numbers of bacilli are minimal. 
Besides, the gradual onset of inguinal bubo, which is readily appreciable 
at from ten days after test inoculation on, is early presumptive evidence 
of tuberculous infection. An immediate local tumefaction, that is, one 
appearing within a day or two after inoculation, is never tuberculous. 
An immediate local swelling, followed by return to normal and then a 
gradual evolution of bubo is, with rare exceptions, tuberculosis coming on 
after an acute process set up by contaminators. ; 

If the animals are available, never make a test inoculation of a given 
specimen on only one guinea pig. The hazards of cage existence through 
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the prolonged period of development of tuberculous infection are too 
great to trust to the life of a single guinea pig the issue of so important a 
matter for the patient. 

The italicized dictum in the older editions of Osler’s Practice that 
one bacillus makes the diagnosis states a truth that should never be acted 
upon in practice. The “joker’’ lies in the fallibility of the recognition of 
a single red rod in an entire specimen as a tubercle bacillus, not to mention 
imperfect technique and artifacts that may prepare the setting. Never 
make a diagnosis of tuberculosis absolute on the strength of an observa- 
tion of one lone man-adjudged tubercle bacillus. A specimen that will 
disclose one bacillus will yield more. Therefore, upon seeing one, be 
stimulated to hunt for several more; and find them before turning in a 
positive report. 


Except for special purposes, tuberculin testing to-day implies skin 
testing with Old Tuberculin in various strengths and dosages. For 
general purposes of diagnosis Pirquet testing, with potent tuberculin and 
intelligent technique, suffices; because of its simplicity, slight discom- 
fort, and freedom from the criticism that it involves injecting something 
into the body, it may be the method of choice when prejudice is to be 
allayed or nervous fear to be reckoned with. For a method of final 
appeal we must resort to the intracutaneous test, which, too, is always to 
be used whenever quantitative considerations enter into the case. 
Actually, there is no such thing as complete refractoriness to tuber- 
culin of a body infected with tubercle. Every tuberculous man or animal 
will react if given enough, desensitized though the tissues may be by 
reason of fever, cachexia, measles, influenza, grave tuberculosis, or other 
intercurrent condition. But there do exist uselessly weak or completely 
impotent tuberculins, contaminated dilutions, improper scarifications, 
alleged intracutaneous injections that are really subcutaneous, poorly 
selected sites for the test, postponed observations of the reactions, in- 
competent or careless testers, and a half-dozen other items that will 
affect the recorded results. Personally, I deem tuberculin testing for 
diagnosis a professional job that is not beneath the dignity of any phy- 
sician, whatever his eminence, and consider that the observation of the 
result in any case that counts should never be left to nonmedical talent. 
Surely, in any case that does not respond sharply and definitely, the 
physician should take complete charge of the test, and follow it through 
from beginning to end. 
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The office performed by any single tuberculin test is to point to the 
existence or nonexistence of tuberculous infection in the tested subject ,— 
only this and nothing more. If the test is positive there is no element of 
quality or quantity in any reaction to proclaim whether the underlying 
infection is active or inactive, that is, whether treatment is or is not 
required. In general, tuberculous infants and children react more 
vigorously than adults; quite likely because their necessarily younger 
foci (we are now speaking in general terms) have not had time for more 
complete encapsulation and walling off. Unusual intensity of reaction 
undoubtedly means comparatively recent infection, as can be proved very 
decisively and beautifully by experiment; and in a large proportion of 
cases strong reactions must stand for recent extension or metastasis of 
existing tubercle, such as must be going on at some time or other in 
many infections. In general, and for obvious reasoris, a larger propor- 
tion of vigorous than of poor reactors will turn out to have active tuber- 
culosis, at the time or later. Nevertheless, vigor of reaction will prove 
to be a sorry guide to the selection of patients for treatment, that is, for 
the determination of activity, in practice. For all too many strong 
to violent reactors go about their usual life forever free from the symp- 
toms and disabilities of tuberculosis, just as an equal, if not greater, 
number of poor reactors are plainly down with the disease or, as it turns 
out, on the verge of breakdown, especially with the common “garden 
variety” of chronic infiltrative phthisis, creeping on insidiously, un- 
conscionably slow of recognition, relentlessly tenacious, and seldom 
eloquent,—the most treacherous of maladies for the man of ordinary 
temperament to cope with. 

Tuberculin-testing is the only procedure which, unassisted, can settle 
a diagnosis of tuberculosis. But it can do this only in a negative way; 
and in this respect its services are the antithesis of those provided by the 
finding of bacilli, which, as mentioned above, works positively toward 
making diagnosis absolute. The several conditions that interfere with 
the appearance of a skin reaction, blunting or inhibiting it after ordinary 
dosage of tuberculin, are well known and recognized, and need not be 
gone into here except for the passing mention that practically all of 
them are usually manifest in the patient affected. If then, a subject for 
diagnosis, who exhibits no interfering factors, fails to react to tuberculin, 
he is to be regarded as nontuberculous. 

Here lies one of our greatest opportunities in diagnosis to-day. Those 
of us who take life, and our profession, seriously run the danger of 
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despon acy in comtemplating the time wasted in striving to manu- 
facture .vnsumptives by all the many more or less devious or dubious 
methods when days and weeks previously a simple skin test or two would 
have proclaimed that the materials necessary for tuberculosis, to wit, 
tubercles, do not exist. This point we might have settled within two 
or three days of first meeting with our patient, and then gone on to more 
profitable and productive “leads” as we dismissed tuberculosis from our 
mind. The only rival of such a piece of poor and expensive practice is 
the other all too common luxury of spending days on the patient’s 
chest—yes, weeks, so it has happened—with the issue still uncertain, 
while diagnosis, bacilli, lay ready in the patient’s sputum all the time:— 
but the sputum was not examined. 

One of my most common clinical contacts with tuberculosis is to have 
a physician relate to me the features of an obscure or difficult and as yet 
undetermined case, and then when I ask (as I always do) for the result 
of the skin test, to be told that no test has been made; and then, when I 
ask further (as again I always do) why there was no test, to be countered 
with the query, “‘What’s the use? All adults react anyhow.” 

It is not so: all adults do not react positively to tuberculin. The 
statement is so far from being true that the tyro, fresh from his class- 
room and cherishing this adage with the same reverence that sanctifies 
that old worthy, ‘‘A tuberculous baby must die,” upon trying his mettle 
in the clinic soon begins to wonder what kind of a realm may be this 
topsy-turvy tuberculosis world he has stepped into. For now, even in 
the pulmonary dispensary, he finds adult after adult who does not react 
to tuberculin; and in private practice he will find x multiplied con- 
siderably. 

Quite likely it was true in 1915,—in Vienna, say—and in the body 
clinical that resorted to the hospital dispensaries of Vienna. But it is 
certainly not true in Baltimore to-day; nor, if records mean anything, in 
the Bellevue Hospital district in New York; nor in St. Louis; nor, I 
believe, anywhere in a representative cross-section of the populace. 
Remember, too, that since 1900 the tuberculosis mortality of the United 
States has been cut in three; that diminished mortality means fewer cases 
of advanced tuberculosis; that less advanced tuberculosis means declining 
opportunities for infection; and so on. Besides, 700 sanatoria, with 
70,000 beds, must be doing something that 42 institutions, with only 
3,600 beds could hardly be expected to accomplish in 1900. All signs 
point to the circumstance that this train of cause and effect is really at 
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work. For years, now, every reported Pirquet (and intracutaneous) 
“survey” in this country and Canada has found far lower incidences of 
tuberculous infection than we have been passing along as an eternal 
verity of tuberculosis. Last year in the city of Framingham there was 
skin-tested the same material (not the same individuals) as in the well- 
known survey of 1917-1919. The result was a 38 per cent lower inci- 
dence of positives. At the Harriet Lane Home of the Johns Hopkins 
Hospital the year 1926, compared with 1916, points the same way. 
And here is proof positive: Between 1898 and 1925 the death-rate for 
tuberculosis in New York City declined, for the general population three 
times; for children under fifteen, four times; and for infants under two, 
six times. 

No, if only you will promptly skin-test your obviously though in- 
definitely ill patients you will, in many instances, the sooner be on your 
way to the diagnosis of malignant tumor, or focal infection, or syphilis, 
or nontuberculous pulmonary disease, or subacute endocarditis (chronic 
viridans infection),—the commoner maladies that send the victims of 
“skimped” practice to tuberculosis resorts to-day, and keep them there. 

Accordingly, we teach our students that in routine practice, at the 
first meeting with the patient who is a subject for diagnosis, whatever the 
age, the skin test should be performed and arrangements be made for a 
specimen of sputum, just as a physical examination is then the first 
localizing business at hand and the case is referred to the roentgenologist. 

We hear repeatedly that a positive skin test is of little or no value in 
diagnosis, for the reason that it denotes only tuberculous infection, which 
in any case under consideration may be inactive while the patient’s 
illness is the expression of some other disease. 

Such an attitude is, to my mind, to misconstrue the entire approach to 
the diagnosis of tuberculosis in those cases which require medical skill to 
detect it. When will the physician cease looking for the royal road to the 
recognition of tuberculosis,—the royal road that does not exist? 

There are no symptoms that belong to tuberculosis alone; nor physical 
signs that are its exclusive appanage; nor X-ray appearances that are its 
very own; nor history that compellingly limns it; nor laboratory findings 
that unerringly avow it. All this becomes understandable to him who 
learns the boundless diversity of anatomical effect, and, in consequence, 
of functional disturbance, set up by the tubercle bacillus. There comes, 
of course, a time when the ensemble is so characteristic that its nature 
is plain to ordinary nonmedical intelligence; and the typical chronic 
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consumptive, full-blown, is known to his friends and to himself. But the 
budding case,—the one, the type, envisaged as fair game for Early 
Diagnosis, whatever that is,—is a different matter. No classic contours 
outline its varied guise; no formula fits what is in essence irregular and 
nunquam ‘idem. 

In other words, there is, in all honesty, no positive approach to the 
diagnosis of dawning tuberculosis. The path is through the doorway of 
general medicine; and, consciously or otherwise, every practitioner of 
parts and good works travels this road to hardening certainty. The 
patient presents himself: when, preliminaries over, the examiner tra- 
verses the field; and, in the circuit, finds one probability after another 
falling by the wayside. In all truth, in any case which can be conceived 
of as offering the least difficulty in diagnosis, the diagnosis of pulmonary 
iuberculosis must be, in actual practice, a diagnosis by elimination, by 
exclusion. ‘Therefore, it must be obvious that it is the so called early 
case that will especially come under this rule. 

Accordingly, in performance, as disease after disease drops out of the 
reckoning, a positive skin test gathers greater and greater importance, 
until we reach a point where it becomes absolutely indispensable for a 
diagnosis of tuberculosis. You may have, for instance, every other 
classical feature of hilum tuberculosis in a child, but, lacking a positive 
skin test, you may not call the case tuberculous; or of apical pulmonary 
disease in an adult, whose sputum is negative, and be at a loss to validate 
a diagnosis of tuberculosis if the patient is a negative reactor. 


These two agencies, bacillus-searching and skin-testing, constitute the 
only procedures of the laboratory that can lend a high measure of diag- 
nostic aid in the routine appraisal of patients. Personally, I have always 
derived a good deal of help from blood-counting,—from the ordinary 
determination of the status of the red cells and leucocytes; and this 
especially in the approach to common chronic phthisis, and particularly 
at its clinical onset. But, in this respect the findings have had little, if 
any, positive value for me; they have seldom said a word as to the actual 
presence of tuberculosis; they have helped, as a rule, to put me on the 
track of tuberculosis, or to hold me to it; have done their bit in a differen- 
tial-diagnostic way, and thrown out “leads” toward eliminating other 
possibilities. 

For, taken as a whole and subject to more than the average of excep- 
tions, tuberculosis is an infection, which, at any rate in its milder or more 
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chronic phases, affects the cells of the blood peculiarly little. Here, then, 
it differs from other infections that may set up more or less similar and 
confusing manifestations, such as typhoid fever, malaria, pyogenic focal 
infection, pyaemia, subacute endocarditis, lung abscess, etc.; and the 
frequently characteristic differences may be used to advantage, as 
leucocytoses, on the one hand, and leucopoenias on the other, not to 
mention grave and rapidly progressing anaemias, turn one toward the 
consideration of other infections or malignant tumor. It is by no means 
a rarity for the consultant to receive a case of leukaemia from a physician, 
who, neglecting to examine the blood, suspected tuberculosis. Hy- 
pernephroma frequently reaches tuberculosis resorts, referred there at 
times by men of reputation. In a single week I once made laboratory 
diagnoses of three cases of viridans infection in the private practice of 
Saranac Lake,—all on patients sent there for pulmonary tuberculosis. 
It is obvious, therefore, how the obscure case must frequently go through 
general laboratory examinations,—blood counts, blood cultures, Widal 
tests, Wassermann tests, sputum cultures, etc.,—as one travels the path 
toward tuberculosis or away from it. And, in time, the “laboratory 
man,” like the clinician, comes to value his general impressions that 
count: Severe or rapid anaemias lead him to think of the possibility 
of malignant tumor rather than of tuberculosis, just as rapid and great 
loss of weight should impress the clinician similarly. If associated with 
high polymorphonuclear leucocytosis, then such anaemias suggest hyper- 
nephroma, or fulminant sarcoma, or perhaps pyogenic foci; yet as the 
haematological features increase in gravity one wonders why the foci 
remain concealed if they are really pyogenic. These are merely rough 
examples of diagnostic method. 

Accordingly, in the approach to tuberculosis via the laboratory, the 
path toward certainty will often lead through general method, just as is 
the case with the disclosure of other data, and the more direct evidence 
of tubercle will gain in weight only as other possibilities become im- 
probabilities. 

Aside from bacillus-hunting and tuberculin-testing all the other 
hundred and one suggestions that keep emanating from the laboratory 
must be regarded as too irregular, unreliable, equivocal, and sometimes 
impracticably cumbersome, to warrant their recommendation for use in 
routine practice. Nor will any single one or combination of them give 
as telling information, and as uniformly so, as the associated search for 
germs and testing of the skin, each properly done. 
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Thus, in the diagnosis of tuberculosis, the laboratory may be con- 
ceived of, broadly, as occupying a position comparable to every other 
useful agency. That is, exclusive reliance upon it, while scoring a 
certain respectable proportion of hits, will result in a high record of 
inexcusable error,—inexcusable, because its useful contributions have not 
been fitted into their proper place,—their ‘proper place being pertinent 
relations and correlations with all other ascertainable features of a case: 
checking, supporting, validating, now and then authenticating the latter, 
the findings of the laboratory will, on the other hand, mean something 
only as the items of the anamnesis, of the physical examination, of the 
roentgen film, throw light upon their incidence or absence. Ordinarily, 
the diagnosis of tuberculosis is not difficult for the man, who, grounded 
in general medicine, is proficient and patient in taking testimony, adept 
and conscientious with the stethoscope, alert to X-ray appearances and 
not too opinionated about them, and careful and unremitting in the 
employment of the microscope and the skin-test. All the information 
in the world will little avail the shirker or the botcher of any agency of 


diagnosis. 
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RESULTS OF HELIOTHERAPY IN PULMONARY TUBER- 
CULOSIS'.? 


ALEXANDER T. COOPER’ 


The following is a study of the results of heliotherapy in ambulatory 
cases of pulmonary tuberculosis, which was begun at the Fitzsimons 
General Hospital in the early part of 1926 by the then Chief of the Medical 
Service, Lieutenant Colonel E. H. Bruns, and continued under the direc- 
tion of Lieutenant Colonel L. L. Smith, present Chief of the Medical 
Service, and presents the data collected on 134 patients who, in addition 
to taking graduated exercises, received heliotherapy. Patients for gradu- 
ated exercises and heliotherapy were graded from class 1 to class 12. 


Class 1: (Infirmary.) Patients who are absolute bed patients and who, 
as far as practicable, are required to use bed-pans or closed stools. 

Class 2: (Infirmary.) Patients who are permitted to have toilet privileges 
and who are allowed to sit up between rest hours. 

Class 3: (Infirmary.) Patients who are permitted to be about the ward 
and to go up and down stairs to their meals. 

Class 4: (Infirmary.) Patients who are permitted to go to the general 
mess for their meals. (Of the infirmary patients only those in this class are 
allowed to have their clothing.) 

Class 5: (Ambulatory.) Patients under treatment in ambulatory wards 
and required to take morning and afternoon rest hours. 

Class 6: (Ambulatory.) Patients excused from morning rest hour and re- 
quired to walk at a brisk rate for one-half hour each morning. 

Class 7: (Ambulatory.) Patients excused from morning rest hour and re- 
quired to walk at a brisk rate for one hour each morning. 

Class 8: (Ambulatory.) Patients excused from morning rest hour and re- 
quired to walk at a brisk rate for one hour each morning, and to start helio- 
therapy, gradually increasing to one-half hour each day. 

Class 9: (Ambulatory.) Patients excused from morning rest hour and re- 


1 Read before the Denver Sanatorium Association, December 13, 1927. 

2From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. Pub- 
lished with the permission of the Surgeon General, U. S. Army, who is not responsible for any 
opinion expressed or conclusions reached therein. 

8 Major, Medical Corps, U.S. Army. 
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quired to walk at a brisk rate for one hour each morning, and to take helio- 
therapy, gradually increasing to one hour a day. 

Class 10: (Ambulatory.) Patients excused from morning rest hour and 
required to walk at a brisk rate for one and one-half hours a day, and to take 
heliotherapy for one hour a day. 

Class 11: (Ambulatory.) Patients excused from morning rest hour and re- 
quired to walk at a brisk rate for two hours a day, and to take heliotherapy for 
one hour a day. 

Class 12: (Ambulatory.) All patients who have completed class 11 and 
who are continuing to spend the same amount of time or longer at some form of 
exercise, at least three hours daily. 


The method of giving heliotherapy at Fitzsimons General Hospital is 
to divide the body into zones as follows: 


5 front and back 
2nd 1 5 front and back 
2nd 1 and 2 5 front and back 
3rd 1 5 front and back j 
3rd 1 and 2 5 front and back { 
3rd 1, 2 and 3 5 front and back 
4th 1 5 front and back 
4th 1 and 2 5 front and back 
4th 1, 2 and 3 5 front and back ° 
4th 1,2,3 and4 5 front and back 
Sth 1 and 2 5 front and back 
5th 1,2 and 3 5 front and back 
5th 1, 2,3 and 4 10 front and back 
6th 1, 2 and 3 5 front and back 
6th 1, 2,3 and 4 15 front and back 
7th 1, 2,3 and 4 20 front and back 
8th 1, 2,3 and 4 20 front and back 
8th 1, 2,3,4 and 5 5 front and back 
9th 1, 2,3 and 4 20 front and back 
9th 1, 2,3,4 and 5 10 front and back 
10th 1, 2,3 and 4 15 front and back 
10th 1, 2,3, 4 and 5 15 front and back 
11th 1, 2,3 and 4 10 front and back 
11th 1, 2,3,4 and 5 20 front and back 
12th 1, 2,3 and 4 5 front and back 
12th 1, 2, 3,4 and 5 25 front and back 
i253 front and back 
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minutes 


14th 30 front and back 
14th 1, 2, 3, 4, 5 and 6 s. front and back 
15th 25 front and back 
15th 10 front and back 
16th front and back 
16th front and back 
17th : front and back 
17th front and back 
18th front and back 
18th front and back 
19th front and back 
19th front and back 
20th front and back 
21st , front and back 
22nd front and back 
23rd front and back 
24th front and back 
25th ‘ front and back 
26th i front and back 
27th . front and back 
28th front and back 
29th front and back 
30th front and back 


The chest, in cases of pulmonary tuberculosis, is not sunned. 


Such patients as are included in this report, as are other patients in the 
hospital, are classified into minimal tuberculosis, moderately advanced 
tuberculosis and far advanced tuberculosis, which is the classification 
adopted by the American Sanatorium Association and the National 
Tuberculosis Association in their diagnostic standards, sixth edition, 
dated April, 1926. For the purposes of this paper it is considered ad- 
visable to recall the limits of these classifications as set down by the above 
authorities. 


Minimal: (Incipient): Slight lesion limited to a small part of one or both 
lungs. No serious tuberculous complications. 

Moderately Advanced: A lesion of one or both lungs, more widely distributed 
than under Minimal, the extent of which may vary, according to the severity 
of the disease, from the equivalent of one-third of the volume of one lung to the 
equivalent of the volume of an entire lung with little or no evidence of cavity 
formation. No serious tuberculous complications. 

Far Advanced: A lesion more extensive than under Moderately Advanced. 
Or definite evidence of marked cavity formation. Or serious tuberculous 
complications. 
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Symptoms: 
A: (Slight or None): Slight or no constitutional symptoms, including par- 

ticularly gastric or intestinal disturbance or rapid loss of weight; slight or no 

elevation of temperature or acceleration of pulse at any time during the twenty- 

four hours. Expectoration usually small in amount or absent. Tubercle 

bacilli may be present or absent. 

B: (Moderate): No marked impairment of function, either local or 


constitutional. 
C: (Severe): Marked impairment of function, local or constitutional. 


In order that there might be a possible comparison of the results ob- 
tained in patients receiving heliotherapy with those who did not receive 
it but had graduated exercises, the clinical records of 71 patients, whose 
lesions in a measure were similar to the heliotherapy series, were studied 
and used, as far as possible, as a control series. In these patients who did 
not receive heliotherapy, and who are in a sense used as a control, there 
were 7 cases of minimal tuberculosis, 42 cases of moderately advanced 
tuberculosis and 22 of far advanced tuberculosis. 

The number of patients who received heliotherapy, the results of which 
were studied in this series, was one hundred and thirty-four. According 
to the classification noted above, there were in these 134 cases, twenty- 
four cases of minimal tuberculosis. Twelve of these 24 took heliotherapy 
for less than three months; 4 from three to four months; and 8 for six 
months to three years and four months. 

A study was made of the blood of these minimal cases. During the 
period of heliotherapy treatment, 11 showed an increase in the total 
number of white corpuscles. This varied from an increase of 350 in one 
case to an increase of 4,400 in another. Eight of the cases showed a 
decrease in the total number of white blood cells, the greatest decrease 
being 5,600, while the least was 600; two showed approximately no change 
and two have no record. Of the patients showing an increase in the 
white blood corpuscles, one had a complication of goitre, one of spondy- 
litis, which became improved, and one had slight bronchiectasis with 
chronic catarrhal laryngitis. Both of the latter were markedly improved 
on discharge. One patient who showed an increase of the white blood 
corpuscles had, as a complication, tuberculous epididymitis which was 
improved on discharge, and one tuberculous osteomyelitis which also 
showed improvement. A bronchitis in one patient is listed as unimproved, 
as is likewise otitis media and chronic and infectious arthritis, which 
showed no change. Three of these cases which showed a decrease in 
white blood corpuscles had no complications. 
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In a study of the number of lymphocytes in these minimal cases, before 
and while receiving heliotherapy, 8 patients showed an increase of lympho- 
cytes, the increase varying from 2 to 15 per cent. Twelve showed a 
slight decrease in the number of lymphocytes, of two we have no record, 
and two showed no change. 

Eight cases are mentioned above as having a decrease in the total 
number of white blood cells; five of the eight showed an actual increase in 
the percentage of lymphocytes. Three of the eleven previously mentioned 
as having an increase in the total number of leucocytes showed a decrease 
in the actual percentage of the lymphocytes. One patient, who had 
spondylitis as a complication, and one with bronchiectasis and laryngitis 
as a complication, showed marked improvement on discharge, with a 
slight decrease in the percentage of lymphocytes and an increase in the 
total white blood corpuscles. 

As to the red blood corpuscles on these patients with minimal pulmo- 
nary tuberculosis, 7 had no record, 4 showed a slight increase, 11 a slight 
decrease, and 2 no change. The actual red blood cell count in practically 
all of these patients was normal. Five patients had a slight increase in 
haemoglobin, 6 a decrease, 9 had no record, and 4 no change. 


The sputum in these 24 minimal cases was recorded as ‘“‘none”’ in seven 
prior to and while taking heliotherapy. In one case it was noted as de- 
creased from moderate to slight, in 10 as improved, and of 6 there was 
no record. We found that in the patients who had minimal pulmonary 
tuberculosis the following complications were noted: 


Comblications Heliotherapy Complication General condition 


Bronchitis, slight, and laryngitis 1 month Improved 

Epididymitis, tuberculous 2 months Improved 
Fistula-in-ano, tuberculous 4 months Improved 

Spondylitis 6 months Improved Improved 
Osteomyelitis, chronic, tuberculous 40 months Improved 

Otitis media, chronic, catarrhal 6 months Improved | 

Arthritis, chronic, right sacroiliac 8 months No change J 


Fistula-in-ano, tuberculous, 2 cases 6 weeks each Unimproved 
Perirectal abscess, tuberculous 13 months Unimproved| Unimproved 
Bronchitis and tonsillitis 7 months Unimproved 
Splanchnoptosis and syphilis 6 months Unimproved 


Epididymitis, tuberculous; prostatitis, tuber- 
culous; tuberculosis of epiglottis 2 months Unimproved 


Otitis media, chronic catarrhal; arthritis, 
chronic 1 month No change | No change 


Goitre, nonsymptomatic 33 months No change 
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In summarizing the total number of minimal tuberculosis cases that 
received heliotherapy, the results are as shown in table 1. 


TABLE 1 
Cases with minimal pulmonary tuberculosis 


IMPROVED UNIMPROVED NO CHANGE 


NUMBER 
OF CASES DURATION OF HELIOTHERAPY 


Number | Per cent | Number | Percent | Number | Per cent 


12 Less than 3 months 3 25 3 25 6 50 
4 3 to 6 months 2 50 4 50 
8 More than 6 months a 62.5 3 

24 


Total 10 41.7 6 25 333 


Of 7 minimal cases of tuberculosis that did not receive heliotherapy, 
2 showed an increase in the total number of leucocytes and 5 a decrease. 
The red counts in all these minimal cases were practically normal. Three 
of these patients were listed as having no sputum, and 4 with from slight 
sputum to none. 

A comparison of the progress of the minimal tuberculosis cases receiv- 
ing heliotherapy with those who did not receive it is listed in table 2. 


TABLE 2 


IMPROVED UNIMPROVED NO CHANGE 


Number|Per cent}/Number|Per cent} Number|Per cent 


Heliotherapy cases (minimal).......... 8 | 333 


Cases not receiving heliotherapy (mini- 
None 


Table 2 shows as unimproved 28.6 per cent of the cases not receiving 
heliotherapy and 25 per cent of those receiving it. Notwithstanding 
the fact that the improved cases in the heliotherapy series only goes 
to 41.7 per cent as against 71.4 per cent for the cases without heliotherapy, 
at least half of the patients considered had heliotherapy for less than six 
months, and then left the hospital. It is to be noted that among minimal 
cases that took heliotherapy for more than six months improvement was 
noted in 62.5 per cent, as shown in table 1. 

One of the control series with the complication of laryngitis was noted 
as improved, while 1 was discharged from the hospital. As a whole, of 
the control series of minimal cases, 5 were listed as improved and 2 as 
unimproved. 
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Of the moderately advanced cases of pulmonary tuberculosis, there were 
64 that took heliotherapy in addition to exercise, the heliotherapy vary- 
ing in time from three days to twenty-nine months. ‘Thirty-four of these 
had a definite increase and 23 a definite decrease in the total number of 
white blood corpuscles, while for 7 there was no record. Twelve had an 
increase and 34 a slight decrease in total red cells, while 18 showed no 
change from normal. In haemoglobin 29 showed a decrease, varying 
from 5 to 20 per cent (Tallquist), 6 an increase of from 5 to 15 points, 


and the balance practically no change. 
Eight of these moderately advanced cases had no sputum, and the 


remainder had sputum varying from slight to heavy. At the end of 
treatment of the 64 cases, 3 were listed as arrested, 32 were listed im- 


proved, 19 as unchanged, and 13 unimproved. 

In these moderately advanced cases of pulmonary tuberculosis, com- 
plications and the results of these complications on discharge from the 
hospital after treatment by heliotherapy were noted as follows: 

Heliotherapy Complication General condition 
Pneumothorax, 2 cases month and Improved 
9 days 
Pneumothorax with empyema 4 months No change 
Otitis media, bronchitis and sinusitis 13 months Improved 
Arthritis, 2 cases 5 weeks and Improved 
3 months 

Laryngitis (discontinued heliotherapy because 

of fever) 1 month Unimproved 
Ankylostomiasis and gonorrhoea 1 month Improved / Improved 
Prostatitis and pharyngitis 4 months Improved 
Syphilis, tertiary, and epididymitis, chronic, 

gonococcal 3 months No change 
Pneumothorax, artificial 3 months Improved 
Tuberculous abscess of sternum 27 months Improved 
Osteomyelitis and otitis media 18 months Improved 
Tuberculous enteritis and urethritis, gonococcal 6 months Improved 
Syphilis, tertiary 6 months Improved } 


Cholecystitis and fistula-in-ano 6 weeks Unimproved] 
Pneumothorax, artificial 1 month Unimproved 
Epididymitis 2 months Unimproved 
Epididymitis and orchitis 2 months Unimproved 
Fistula-in-ano, tuberculous 5 months Unimproved 
Arthritis, infectious 3 months Unimproved} Unimproved 
Nephritis, chronic 29 months Unimproved 
Neuritis 7 months Improved 
Pneumothorax and asthma (heliotherapy dis- 

continued because of asthmatic attacks 

thought due to exposure) 2 weeks Unimproved 
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Heliotherapy Complication General condition 


Fistula-in-ano, chronic 1 month Unimproved) 
Cardiac hypertrophy 1} months No change 
Bronchitis and asthma 1} months Unimproved 
Neuritis, chronic 1 month No change ? No change 
Otitis media 4 month Improved 
Syphilis, tertiary, cerebrospinal 4 months Unimproved 
Syphilis and tonsillitis 6 months No change 


In these moderately advanced cases it is to be noted that one had a 
tuberculous abscess of the sternum which improved very rapidly under 
heliotherapy. Three with pneumothorax had their general condition 
improved. One patient had infectious arthritis, which improved, and 
his pulmonary tuberculosis was also greatly improved. Three had 
otitis media, in which the otitis media was improved. Two had fistula- 
in-ano which was unimproved, and three infectious arthritis which also 
became improved. One had tuberculous enteritis which was improved. 

To make a further comparison of patients receiving heliotherapy with 
those who did not receive heliotherapy, 42 cases of moderately advanced 
pulmonary tuberculosis, approximately of the same class of patients 
not receiving heliotherapy in conjunction with therapeutic exercises, 
were considered. Seventeen, or 40.5 per cent, of these had a definite 
increase in the white blood cells, as against 53.1 per cent of those who did 
receive heliotherapy. Nine, or 21.4 per cent, showed decreased white 
blood corpuscles, as against 35.9 per cent of those given heliotherapy. 
Sixteen had no record. The red blood counts in the control series were 
practically normal, and there is no record of increase or decrease; also, 
in the control series there is no record of an increase or decrease in lym- 
phocytes or haemoglobin. The control series showed 16 listed as im- 
proved after completing the exercise, and 26 as unimproved or retrogress- 
ing. A comparison of the results in the moderately advanced cases 
of pulmonary tuberculosis who received heliotherapy with the control 
series not receiving heliotherapy is given in table 3. 

In table 3 it is to be noted that patients who were moderately advanced 
and fibrosing and who received more than six months of heliotherapy 
showed 71.4 per cent as improved. 

Of the 134 patients receiving heliotherapy, 46 were listed as having far 
advanced pulmonary tuberculosis and with lesions to a large extent 
fibrous. Twenty of these took heliotherapy, in addition to exercises, 
from three days to three and one-half months; 13 received it in addition 
to exercises for more than six months. 
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The following is a list of the complications noted in these cases, noting 
the improvement or unimprovement of these complications and the 
general condition at the end of the time noted: 


Heliotherapy Complication General condition 


Nephritis; pneumothorax 14 days Improved 
Papilloma, left vocal cord 3 months Improved 
Otitis media, chronic suppurating; nephritis, 

chronic, diffuse, toxic 23 months Unimproved 
Laryngitis 2 months Improved 
Nephritis, chronic diffuse 5 months Improved 
Dementia praecox 4 months No change 
Pneumothorax, artificial 4 months Improved 
Laryngitis, chronic, tuberculous; acne vulgaris 13 months Improved } Improved 
Bronchitis, chronic, catarrhal 10 months Improved 
Laryngitis; enteritis; fistula-in-ano, tubercu- 

lous 14 months Improved 
Sinuses, multiple, tuberculous, scrotal, sequel 

to orchidectomy for orchitis, tuberculous 12 months Improved 
Acne vulgaris 22 months Improved | 


Thoracoplasty, 2nd stage 1 month Unimproved] 
Fistula-in-ano, tuberculous } month Improved 
Fistula-in-ano; arthritis; laryngitis; pharyngitis 5 days Unimproved 
Prostatitis, probably tuberculous 2 weeks Unimproved 
Bronchitis, chronic catarrhal 1 month Unimproved 
Pyonephrosis; adenitis, tuberculous; pneumo- 

thorax ? month Unimproved? Unimproved 
Pneumothorax, artificial; enteritis 3 months 
Facial paralysis 3 months Unimproved 
Nephritis 7 months Unimproved 
Otitis media, catarrhal, mild 12 months Improved 
Spondylitis, chronic, tuberculous, 3, 4 and 5 

lumbar; enteritis, tuberculous 6 months Unimproved] 


Fistula-in-ano; laryngitis, tuberculous $ month Improved 
Tinea versicolor 2 months Unimproved 
Nephritis; haemorrhoids, internal 12 days Improved 
Pneumothorax, complete, right lung 3 months Unimproved 
Pneumothorax, artificial 3 months Unimproved 
Constitutional psychopathic state 4 months No change 
Laryngitis, chronic, tuberculous; thoracoplasty 43 months Improved 
Syphilis, tertiary; spondylitis, chronic tuber- 

culous, 4 and 5 lumbar, with bilateral psoas 

abscess 3 months No change 


Of those patients who received heliotherapy for less than one month, 
two had tuberculous enteritis, which was unimproved or retrogressed. 
One with tuberculous enteritis showed some improvement. Another 
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patient had fistula-in-ano with tuberculous laryngitis, and his general: 
condition also showed some improvement. One had a complication of 
tinea versicolor; this was unimproved and his lung condition remained 
stationary. Another patient with fistula-in-ano was improved as far as 
his fistula-in-ano was concerned but his lung condition remained station- 
ary. Three with artificial pneumothorax were unimproved, while one 
was improved. One with prostatitis, probably tuberculous, was un- 
improved. 

In the study of the blood findings made in this series of patients, 7 of 
those who took heliotherapy for less than three months showed, at the 
end of the three months, a-decrease in total white blood corpuscles. Fre- 
quently this decrease was marked by an initial slight increase of 500 to 
1000 more than the original count, which, after this slight rise, dropped to 
slightly below the first count. There seems to have been no connection 


TABLE 3 


IMPROVED UNIMPROVED NO CHANGE 
MODERATELY ADVANCED 


Number/Per cent} Number|Per cent|Number/|Per cent 


14. | 38.9 16.7} 16 | 44.4 
8 | 57.1 28.6 2 | 14.3 


10 | 71.4 21.4 1 7.2 


32 | 50 20.3 |. 19 | 29.7 


17 | 40.5 59.5 


between the increase and the decrease in total white blood cells as to 
whether the patient retrogressed clinically or showed improvement. The 
balance of the 20 cases showed no change or only a very slight increase. 
Of the 13 patients who received heliotherapy for three to six months, 10 
showed a definite decrease in the total white blood corpuscles and two a 
slight increase. Thirteen cases that had far advanced tuberculosis took 
heliotherapy for a period ranging from six to forty-three months. One 
of these, who received heliotherapy for twenty-two months, and with a 
complication of acne vulgaris, showed a marked improvement in his acne 
vulgaris and a decrease of total white cells from 14,000, which was the 
initial count, to 6,000. The pulmonary condition also showed improve- 
ment. Another patient showed slight improvement after seventeen 
months of heliotherapy, with a reduction in the white count from 10,000 
to 7,000. Another patient, with a complication of acne vulgaris and 
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with thirteen months of heliotherapy, showed the acne vulgaris much 
improved and also an improvement in his pulmonary condition and a 
tuberculous laryngitis. One patient, who took heliotherapy for ten 
months, showed an increase in his leucocyte count from 11,000 to 20,000. 
His bronchitis and pulmonary tuberculosis were listed as improved. 
Another patient, whe took heliotherapy for fourteen months with a com- 
plication of laryngitis, enteritis and fistula-in-ano, all tuberculous, was 
improved, and there was no change in his total blood count. One patient, 
who had forty-three months of heliotherapy, showed a slight decrease in 
his total white count at the end of that time, and he, previous to receiving 
heliotherapy, had undergone a thoracoplasty and also had tuberculous 
laryngitis. His general condition was unchanged. 

Of the far advanced cases of tuberculosis who took heliotherapy less 
than three months, 4 showed a decrease, 6 an increase, one no change and 


TABLE 4 


IMPROVED UNIMPROVED NO CHANGE 
FAR ADVANCED 


Number|Per cent]Number|Per cent} Number] Per cent 


Less than 3 months 40 25 
3 to 6 months : 15.4 46.1 
More than 6 months 7 23 15.4 


28.3 28.3 
90.9 


nine no record in referring to the counts of the red blood corpuscles. 
Thirteen of this series of patients took heliotherapy more than six months; 
of these, 5 showed a decrease in the red blood corpuscles, 5 an increase, 
1 no change, and 2 no record. 

Table 4 shows the percentage of cases improved and unimproved. 

Considering these as a whole, it is worth while to note that of these 13 
cases who persisted in their heliotherapy for more than six months, 8, 
or 61.5 per cent, showed improvement; 3, or 23 per cent, were unimproved; 
and 2, or 15.4 per cent, have no record. In comparing this series with a 
control series of 22 who were far advanced cases of pulmonary tuberculo- 
sis and who did not receive heliotherapy, 10 of the control patients showed 
an increase in the white blood cells, 5 a decrease, and of the balance there 
is no record. In the control series, no record was available as to an 
increase or decrease of red blood cells; while, as to polymorphonuclears, 
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8 of the 22 showed a definite increase, 10 a decrease, and the balance no 
record. ‘There is no record of an increase or decrease in the lymphocytes 
or haemoglobin. Two of these far advanced cases were listed as im- 
proved and the balance as unimproved, retrogressed or ‘“‘no change.” 

It is well to bear in mind that the patients who had pulmonary tubercu- 
losis and, in addition, received heliotherapy in this series, were apparently 
progressing toward recovery and showed evidence of fibrosis, both by 


TABLE 5 
Heliotherapy cases 


IMPROVED UNIMPROVED 


Number'Per cent 


Number/Per cent 


Minimal 


Moderately Advanced 


Far Advanced 
Less than Months. 20 35 


X-ray examination and physical signs, and were afebrile when helio- 

therapy was begun. ‘ 
Clinically, it is the consensus of opinion among medical officers, who 

have charge of the ward in which cases of chronic pulmonary tuberculosis 

are treated in this hospital, that, when there are caseous lesions which 

show no fibrosis and when the X-ray findings do not indicate definite 

fibrosis, heliotherapy is contraindicated, but that heliotherapy has much 

to commend it if it is used cautiously and consistently in fibrosing afebrile 
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cases on the ambulatory wards. It helps to keep the patient occupied 
and he realizes that something is being done for him which he can see and 
feel; the skin takes on a velvety brown color or a healthy tan, and the 
patient takes an interest in noticing this tan develop. 

In a personal communication, Major Clarke Blance, Medical Corps, 
U.S. Army, the officer in charge of the heliotherapy ward at Fitzsimons 
General Hospital, where the treatment of nonpulmonary tuberculosis cases 
by heliotherapy is carried out, states he has noted that “all patients that 
are fibrosed or beginning to fibrose, whether they are active or inactive, 
whether they have pulmonary cavities or not, can receive heliotherapy 
with benefit if it is given in proper doses.” About one-third of his 
patients have pulmonary trouble, which complicates the nonpulmonary 
tuberculosis for which they are being treated on the heliotherapy ward. 
These pulmonary cases are in all stages of the disease except those with 


TABLE 6 
Cases not receiving heliotherapy 


IMPROVED UNIMPROVED 
NUMBER 
OF CASES 


Number | Per cent | Number | Per cent 


7 71.4 2 28.6 


Moderately Advanced 42 40.5 25 59.5 
Far Advanced 22 9.1 20 90.9 


71 33.8 47 66.2 


caseous lesions which show no fibrosis. Those showing no fibrosis, in 
Major Blance’s experience, should never be sunned until fibrosis has 
begun to appear, as evidenced by X-ray examination. Patients showing 
fibrosis, and observed for more than a year, never have had to have 
heliotherapy entirely discontinued, and all of them are much better than 
when they came under Major Blance’s care. One patient, contrary to 
the general rule, has retrogressed in his pulmonary condition but he was 
drunk about half the time, and his retrogression is not believed to be due 
to heliotherapy. In fact, he continued to retrogress after he discontinued 
heliotherapy. 


SUMMARY 


Tables 5 and 6 summarize the patients with fibrosing chronic pulmon- 
ary tuberculosis, who have received heliotherapy in Fitzsimons General 
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Hospital, compared with a small series of cases, who had not received 
heliotherapy, and whose records were taken at random from the files 
of the hospital. From this comparison, and taking the consensus of 
opinion of medical officers who are using heliotherapy on such classes of 
patients, it appears that heliotherapy, intelligently used in fibrosing cases 
of pulmonary tuberculosis, showing a tendency to improve, will hasten 


improvement. 
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HELIOTHERAPY IN PULMONARY TUBERCULOSIS: 


A. T. LAIRD? 


There is a widespread feeling that the use of natural heliotherapy in 
pulmonary tuberculosis is fraught with considerable danger and there is 
some authority for the statement. 

According to Watson (1) heliotherapy must never be used in the 
exudative types of cases and, when carelessly administered, it has fre- 
quently given rise to a pronounced spread of the disease. He gives a 
typical example which he says was chosen almost at random from a large 
number of cases that had come to his knowledge. 

Mayer (2) makes the following observations: 


In Switzerland sunlight was used rather extensively at first for pulmonary 
tuberculosis but solaria that were first constructed for these cases have now 
been abandoned as such. Jacquerod who had over six years’ experience with 
thousands of cases has discarded the treatment as have other physicians in 
Leysin. These men claim that bad effects have occurred such as activation 
of previously quiescent processes and hemoptysis. However, Rollier con- 
tinues to use sunlight exposures especially in surgical cases that have associated 
pulmonary disease, preferably selecting those in good condition with no fever 
and stationary signs. In the insolation treatment of a large number of Swiss 
soldiers with uncomplicated pulmonary tuberculosis, Rollier reports that he 
never met with an accident due to congestion. 


After summarizing the studies of numerous observers Mayer gives his 
own views as follows: 


Both solar and air exposures can be employed for mildly active forms of pul- 
monary tuberculosis, chronic and having little or no fever, but it is preferable 
that the exposures should be made to diffuse daylight or sunlight of low in- 
tensity. Applied wrongly and to the wrong patient sun treatment can excite 
a smouldering disease into a flaming one. 


1 Read (in abstract) before the medical staff of the Lymanhurst School for Tuberculosis, 
Minneapolis, Minnesota, December 14, 1926. 
2 Nopeming Sanatorium, Nopeming, St. Louis County, Minnesota. 
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In connection with the foregoing summary practically no definite case 
reports are given. Several articles, however, have recently appeared 
in the AMERICAN REVIEW OF TUBERCULOSIS which give more details. 

LoGrasso and Balderrey (3), writing from the J. N. Adam Memorial 
Hospital, Perrysburg, New York, where heliotherapy had been used in 
extrapulmonary tuberculosis for eleven years, were up to a few years 
ago skeptical about the efficacy of heliotherapy in pulmonary disease and 
discouraged its use. However, a certain number of patients, noticing 
the rapid progress made by some of the extrapulmonary cases, used, 
against advice, sun-cure as part of their treatment. These patients 
could not carry out insolation systematically, first, because of a lack of 
proper facilities, and, second, because of the absence of proper supervision. 
The effects noted gave valuable information as to the precautions neces- 
sary to make heliotherapy safe in pulmonary tuberculosis. 

One of the first ill effects noted was the occurrence of an unusual num- 
ber of haemoptyses. Other patients developed elevations of tempera- 
ture up to 102° that lasted two or three days at atime. Accompanying 
this fever were headache and nausea, usually present for forty-eight 
hours. It was discovered that these patients had been exposing them- 
selves to the sun for extremely long periods, as long as seven hours a 
day. Others had exposed only the chest to the sun, insolating it for 
practically the entire day. Haemoptysis did not seem to have developed 
more frequently in the cases that exposed only the chest the whole day 
than in those who exposed the whole body for long periods. 

Barring the ill effects occasionally noted, LoGrasso and his coworkers 
were compelled to admit improvement in the general physical condition 
and the local disease in a majority of the cases. Encouraged by these 
results and convinced that the ill effects were due to improper tech- 
nique, they conducted a clinical investigation of the use of light energy 
in pulmonary tuberculosis during the summers of 1922 and 1923. Their 
report is based on 49 cases under careful supervision. In the main the 
cases were chosen not because of their favorable prognosis but because 
they were not responding favorably to the usual institutional hygienic 
treatment. All had fever upon admission to the hospital, and some at 
the beginning of their insolation were having temperature as high as 101°. 
They were mainly cases with moderately advanced, active tuberculosis 
and unfavorable prognosis. Observations were made regarding changes 
in temperature, pulse-rate, weight, sputum, physical signs, X-ray shad- 
ows, blood conditions, blood-pressure, appetite, digestion, etc. Seventy- 
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seven per cent of the patients in the series improved. LoGrasso con- 
cluded that, under proper restrictions and with careful supervision, 
heliotherapy is of the greatest value in the treatment of pulmonary 
tuberculosis. 

McCutcheon (4) reported a detailed study of 105 cases at the State 
Sanatorium, Mount Alto, Pennsylvania, including 45 moderately ad- 
vanced and 55 far advanced cases. Twenty-nine had complications of 
various sorts. After the treatment 48 per cent showed a decrease in 
physical signs, 61 per cent had decreased cough, and the same number 
gained in weight. McCutcheon believed that heliotherapy is of con- 
siderable value in pulmonary tuberculosis and that its use should be 
encouraged. He considered its most remarkable effect to be a dimi- 
nution of lung moisture, which occurred in 48 per cent, or 50 cases, while 
only two showed definite progression. 

Pollock (5), reporting a study of 112 cases at the Fitzsimons General 
Hospital, Denver, states that 72 cases of fibrous type all responded favor- 
ably to insolation, while unsatisfactory results were obtained in advanced 
and border-line active-inactive cases. He is of the opinion that active 
cases respond favorably to heliotherapy when their activity is not suffi- 
cient to produce toxaemia; here greatest caution must be exercised in 
administering sun-rays. One must proceed, so to speak, inch by inch 
and minute by minute, and the chest should not be exposed. ‘The exposure 
of the rest of the body should be regulated to the individual’s 
requirements. 

Bronfin (6) is decidedly skeptical as to the value of heliotherapy in 
advanced pulmonary tuberculosis. He reports a series of 50 cases, most 
of which showed increased cough at the beginning of treatment and 
many with tachycardia. He does not consider that the treatment 
yielded encouraging results. Neither favorable nor unfavorable results 
could be attributed with certainty to heliotherapy. Bronfin states that 
in the bodily reactions there are many points of resemblance between 
radiation and tuberculin. 

Krusen (7) studied a group of 60 patients at the State Sanatorium, 
Cresson, Pennsylvania, 40 of whom received sun treatment, the others 
being viewed as controls. He believes that the contraindications to 
heliotherapy, properly applied, are few. Among his comments are the 


following: 


Severe heart lesions or serious renal disease contraindicate insolation. Marked 
weakness and grave toxaemia, as seen in the last stages of pulmonary tubercu- 
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losis, are also contraindications. Jacquerod and some of the early investigators 
stated that sun treatment caused haemoptysis, but most of these men were 
giving heavy exposures locally over the chest alone. At present it sems to be 
the consensus of opinion that if heliotherapy is applied gradually, by the Rol- 
lier method, it will not cause haemoptysis. In fact, patients with a history of 
haemoptysis, if they take the treatment properly, seem less likely to have a 
recurrence of blood-spitting than those who do not take it at all. 


Krusen’s conclusions are: 


1. Heliotherapy, properly administered (preferably by the Rollier method), is 
of value in pulmonary tuberculosis. 

2. The majority of patients like it, and are in a much more cheerful mental 
state while taking it. 

3. Expectoration is apparently easier and slightly increased during the early 
stage of sun-cure, which stage is followed by a diminution in the amount of 
sputum, and finally there is a marked decrease in lung moisture. (In the 
control cases the amount of lung moisture was in most cases unchanged.) 

4. Cough is slightly increased at the beginning of insolation, and then seems to 
be permanently diminished. 

5. Haemoptysis is not a contraindication to heliotherapy. 

6. Patients whose skins pigment well seem to be most benefited by sun therapy. 
7. Very far advanced or toxic cases should not receive sun treatment. 

8. There is need of further study and confirmation of existing information, 
and there is especially a need for research in the physiological action of sun-rays. 


NOPEMING CASES 


In our series at Nopeming Sanatorium 220 cases of pulmonary tuber- 

culosis, uncomplicated by any evident extrapulmonary, bone, joint or i 

lymph-node lesion, were studied. One hundred and ten patients were pl 

given sun treatment, and 110 others, receiving only hygienic and rest 3 

treatment, were observed for approximately the same length of time. 

The Rollier technique was followed, with modifications in individ- 

ual cases. 
The insolated cases (98 per cent of them) were under treatment during 

the summers of 1924 and 1925. Practically all uncomplicated pulmo- 

nary cases receiving sun treatment during these summers are included 

in this group. Sixty-eight per cent of the controls were observed during 

the same period, but 15 per cent observed during 1923 and 17 per cent a 

observed during 1926 were added, in order to secure equal numbers of 4 

insolated and control cases and similar types in both groups. The length 
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of time that has elapsed since the cases were under observation is there- 
fore approximately the same in both groups, averaging something over 
two years. 

The insolated cases received sun treatment for an average period of 
79 days between April and November 1. The controls were under ob- 
servation for an average period of 72 days, mostly during the summer but 
in some cases during other parts of the year. 

Of the insolated cases 64 were male and 46 female. The average dura- 
tion of the sun treatment was 92 days for the males and 59 days for the 
females. The average maximum daily exposure to the sun was 3.2 hours 
for the entire group, 3.5 hours for the males and 2.7 hours for the females. 

The average age of the insolated cases was 30 years and of the controls 
32 years. There were 10 children treated under 16 years of age. All 
of these children had definite pulmonary tuberculosis. Eight were in the 
insolated group and 2 were among the control cases. 

Of the 110 patients receiving sun treatment 74 were classified as im- 
proved at the close of treatment, while of the 110 not receiving it there 
were 68 improved. Two years later 36 of the insolated patients and 14 
of the control patients were working; 77 of the former and only 55 of the 
latter were living. 

Of the 141 patients with A symptoms (Rathbun) on admission, pa- 
tients who presumably had fibrous or inactive lesions, a much larger 
proportion showed improvement both with and without sun treatment. 
Of the 71 receiving sun treatment 53, or 75 per cent, improved, 54 were 
living and 24 were working after two years. Of the 70 not receiving sun 
51, or 73 per cent, were considered improved, 48 were living after two 
years, and 14 were working. 

Patients with B and C symptoms on admission, a large proportion of 
whom might fairly be considered of the active or exudative type, num- 
bered 79. Of these, 39 received sun treatment and 40 did not. Twenty- 
one of the insolated patients improved, but only 11 of the control cases 
showed improvement. Twenty-three of the insolated cases were living 
after two years and 7 were working. Of those not insolated, 7 were living 
and none were working. : 

Of the entire series of 110 cases of all types receiving sun treatment, 
29 had a maximum temperature at the beginning of treatment exceeding 
100°, while at the close of treatment there were still 27 whose temperature 
at times exceeded 100°. Of the control cases there were 42 at the begin- 
ning of treatment with maximum temperature of 100°, and 40 at its close. 
The pulse-rate of 39 of the insolated cases was occasionally over 100 at 
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the beginning of the treatment, while 43 had a similar rate at its close. 
Of 110 control cases 59 showed a pulse-rate of over 100 at the beginning of 
treatment; 52 showed such a rate at its close. 

Cough was diminished in 26 insolated and 29 control cases, and ex- 
pectoration in 23 insolated and 20 control cases. 

Haemoptyses occurred during the period of observation in 11 of the 
insolated and 17 of the control cases. 

Pleural pains distressed 39 insolated patients and 43 of the others at 
various times while they were under observation. Eighty-one insolated 
patients usually had good appetites as compared with 77 not receiving 
sun treatment. Eighteen of the former were more or less constipated as 
compared with 29 of the latter. Only 3 of the insolated patients had 
diarrhoea, while 20 of the latter suffered from this condition. 

Sixty-eight sun-cure patients are on record as having gained in weight, 
as compared with 57 of those not receiving sun. 

Very little change was seen in the sputum content of tubercle bacilli. 
At the last report only 60 of the insolated cases still had positive sputum 
as compared with 72 of the control cases. 

X-ray shadows were definitely decreased in 31 insolated cases as com- 
pared with 22 control cases. Rales and other physical signs were defi- 
nitely diminished in 14 per cent of the insolated cases and 9 per cent of the 
control cases. They were definitely increased in 28 per cent of the con- 
trol cases as compared with 13 per cent of those insolated. The data 
were incomplete in a number of cases on account of the death or unex- 
pected discharge of the patient. Still it is quite evident that in at least 
84 per cent of the insolated cases the physical signs remained stationary 
or were diminished, while in the control cases this was found to be the 
case in only 61 per cent. However, we do not feel justified in claiming, 
with McCutcheon (4) and Krusen (7), that the sun-cure is quite con- 
stantly accompanied by a “‘marked”’ decrease in lung moisture. 

In only one case was anything observed to suggest an excessive reac- 
tion to the sun’s rays, comparable to a tuberculin reaction. 


The patient was a young man, aged 20, whose lesion was classified as Minimal 
A. He had been taking the sun treatment for about six weeks and was thor- 
oughly tanned. He had reached the maximum of four hours’ daily exposure. 
On June 20, following two hours’ exposure (9 to 11 a.m.) on a hot day, he de- 
veloped a severe headache and fever up to 102°. Fever continued to recur in 
the afternoon for about one ,week. The treatment was discontinued but 
subsequent examinations showed no increase in physical signs. The experi- 
ence does not seem to have done him any permanent harm. 
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There was no case in this series in which a definite and marked spread 
of the pulmonary lesion seems to have directly followed the sun treat- 
ment. One of our recently admitted patients, however, was said to have 
had a rapid spread of X-ray signs following artificial heliotherapy given 
before admission and another was said to have had a similar experience 
following sun-cure given by an unapproved method. On further in- 
vestigation these statements could not be definitely confirmed in either 
case, as both had extensive lesions before heliotherapy was used. 

The summaries just given for the most part have reference to the 
entire series of 110 insolated and 110 uninsolated cases of all classes. 
The query naturally arises: Were not the control cases as a group less 
favorable to begin with than those receiving sun treatment? An effort 
has been made to exclude this source of error by making comparisons 
between those receiving sun treatment and those not receiving it in each 
of seven classes recognized by the National Tuberculosis Association 
and including in each group approximately the same number of favorable 
and unfavorable cases. The choice of cases was practically determined 
by the material available except in the large group of B and C cases not 
receiving heliotherapy, in which consecutive cases were taken as far as 


possible in order that there might be no conscious selection of cases. 
Nevertheless it must be admitted that as a group the control cases, 
especially those in the C class of Rathbun, were somewhat less favorable 
cases than those insolated. 

In tables 1 to 13 the clinical data are given for each of seven types 
of cases. After a study of them I think it will be evident that the results 
in the insolated cases were as a rule somewhat better than in the others. 


TABLE 1 
Distribution of cases according to the classification of the National Tuberculosis Association 


MIN. A. A.| M. A. B.| M.A. F. A.A. A.B. | F. A.C. | TOTAL 


Insolated cases (110) 


5 213.1 4 5 | 64 
6 16 6 1 7 3 7 46 
36 11 3 20 12 10 | 100 
Control cases (110) 
| 5 318 5 | 59 
6 23 8 0 5 5 51 
36 12 3 18 14 8 | 100 


TABLE 2 
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Condition of all patients at close of treatment and at present time (October, 1927) 


M.A. A. 


MIN. A. 


M.A. B. 


M. A.C, 


F.A.A- 


A. 


F.A.C. 


TOTAL 


Insolated cases (110) 
At close of treatment 


Control cases (110) 
At close of treatment 


TABLE 3 


Condition of Class A patients at close of period uf observation and at present time (October, 1927) 


MIN. 


A. 


F. 


A. 


A. 


TOTAL 


PER CENT 


Insolated cases 
Close of treatment 
At present time (2 years later) 


Control cases 
At close of treatment 
At present time (2 years later) 


15 
33 


i 
87 
1 
1 CENT 
, Improved................... 7 133 | 6 | 3 [13 | 6 | 6 | 74 | 68 E 
At present time a 
Livin 10 |33 | 9 | 2/41 | 7 | 5 177 | 70 
Dead {10 | 5 | 7 | 27 
Unimproved __-| 3 |10 | 9 | 2 | 6 |10 | 8 | 48 | 44 ii 
Al present time 
7 33 13 53 75 | 
7 30 14 51 73 a 
3 10 6 | 19 | 27 Ps, 
14 6 21 30 a 


TABLE 4 
Condition of Class B and Class C patients at close of treatment and at present time (October, 1927) 


M. A. B. 


M. A. C. 


PER 


¥. A. B.| F. A.C. | TOTAL CENT 


Insolated cases (39) 
Close of treatment 


Control cases (40) 
At close of treatment 


TABLE 5 
Condition of male and female patients at close of treatment and at present time (October, 1927) 


CLOSE OF TREATMENT 


PRESENT TIME (2 YEARS LATER) 


Im- 
proved 


Unim- 
proved 


Total 


Work- | No 
one Living | ‘ Dead date 


Insolated cases 


Per cent 
Females 
Per cent 


19 
30 
17 
37 


27 
46 
21 
41 


43 
67 
36 
78 


27 
46 
32 
63 
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| 
| 
3 6 6 21 | 54 
0 7 6 18 | 46 
At present time (2 years later) 
1 3 1 7 | 18 
2 7 5 23 59 
1 5 7 15 | 38 
0 1 0 1 3 
1 5 1 11 | 28 
2 10 8 29 | 72 
At present time (2 years later) 
0 0 0 0 0 
30 33 0 
Control cases 
59 6 30 2 
100 1 51 3 
er 30 51 8 18 1 
100 1.3 35 2 
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TABLE 6 


Temperature and pulse at beginning and close of treatment 


M.A. A. 


MIN, A. M. A. B. 


M. A. C. 


F. A. 


FLA. A. B./F. A. 


c. 


Control cases 
Temperature 


Insolated cases (110) 


Temperature 
99.5° at beginning............ 0 | 13 5 1 
100°+ at beginning........... 0 6 BS 1 
2 6 3 1 
Pulse 
100+ at beginning........... 3 | 12 4 2 
3 


Pulse 
100° at beginning. . 
100° at close....... 


won 


8 | 4] 9 
6| 3] 8 
6| 5] 8 
9 8 


TABLE 7 
Cough and expectoration 


M. A. A.|M. A. B. 


MIN. A. 


M.A. C./F. 


Cough 
Insolated cases (110) 


Control cases (110) 


Expectoration 
Insolated cases (110) 
Increased.......... 


No change, or none 
Control cases (110) 


No change, or none........... 
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T 
40 | 36 
29 | 27 ‘ 
41 | 37 
27 25 
39 | 35 
43 | 37 is 
— 
99.5° at beginning____| 2 |11 | 7 | 7 | 6 |11 | 8 | 52 | 46 ig 
100° at beginning.............] 1 9 7 + 3 | 10 8 | 42 | 39 ie 
99.5 at close pues | 2 9 6 3 1 12 7 | 40 | 38 i 
9 | 8 | 59 | 55 
6 |12 | 8 | 52 | 47 
A. AJP. A. A. C.| TOTAL] 
2] 4 | 10 | 10 
Diminished | | 12 4 0 6 + | 26 | 23 
Diminished........—.......| 1 | 10 | 43 21613 6 | 29 | 30 ‘a 
No change, ornone...........) 1 | 24 | 8 | 0 113 | 6 | 2 | 60 | 51 He 
o/3/1]o0]5]2] 4 | 14 
Diminished___ pes -| 0 | 11 3 | | 41 5 | O | 23 | 21 
10 }25 | 7 | 3 | 13 | 6 | 8 | 72 | 65 
al 
21 61 21S 4 
No change, or none........... 6 |23 | 9 | o |/11 | 6 | 3 | 58 | 53 q 
‘afl 
ii 
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TABLE 8 
Haemoptysis and pleuritic pains 


MIN. A.|/M. A. A.|M. A. B.iM. A. C. 


PF. A. A.|F. 


Insolated cases (110) 
Haemoptysis 
Pleuritic pains 


Control cases (110) 
Haemoptysis 
Pleuritic pains 


TABLE 9 
Appetite; constipation; diarrhoea 


MIN. A.|M. A. A.|M. A. A. C. 


Insolated cases (110) 
Appetite good 
Appetite fair 
Appetite poor 
Constipation 
Diarrhoea 


Control cases (110) 
Appetite good 
Appetite fair......... 
Appetite poor 
Constipation 
Diarrhoea 


TABLE 10 
Weight gain and loss 


MIN. A.|M. A. A./M. A. B./M. A. C./F. 


Insolated cases (110) 
Number gaining 
Average number pounds 
Number losing 
Average number pounds 
’ No change or no record 


Control cases (110) 


Number gaining.......:........ 


Average number pound: 
Number losing 

Average number pounds 
No change or no record 


F. A. A.|F. A. B./F. A. 
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A. B.IF. A. C.| TOTAL a 
c.| TOTAL | 
A. A./F. A. B.|F. A. C.| TOTAL = 
4 | 7.9} 2.44 0 8.3] 7.8] 5.7] 6.7 
6.25} 5.5] 2.3] 4.6. 9 | O | 5.8 
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TABLE 
Positive sputum 


MIN. A.|M, A. A.|M. A. B.|M, A. C. 


Insolated cases (110) 
Previous to treatment 
During treatment 
At last report 


Control cases (110) 
Previous to treatment 
During treatment 
At last report 


TABLE 12 
Changes in X-ray films 


The first chest film taken subsequent to the period of observation or treatment was compared with 
the last one taken previous to such period 


MIN. A.|M. A. A.|M. A. B.|M. A. C./F. A. A./F. A. 


Insolated cases (110) 
Diminished shadows 
Increased shadows 
No change 
No data for comparison 


Control cases (110) 
Diminished shadows 
Increased shadows 
No change 
No data for comparison 


TABLE 13 
Changes in physical signs including réles 


MIN. A.|M. A, A.|M. A. B.|M. A. C./F. A. A./F. 


Insolated cases (110) 


Increased 
No change 
Data incomplete 


Control cases 


No change 
Data incomplete 


91 
F. A. A.|F. A. B.|F. A. TOTAL 
B.|F. A. C.| TOTAL 
5 | 1 | 1 | 31 | 28 
A. B.|F. A. C.| TOTAL} 
3 0 0 1 0 0 3 
4] 3 | 0 | 0 | 2] 1] 0 ]10] 9 q 
9 8 1 8 3 1 | 31 | 28 
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COMMENTS 


In view of the results obtained with our patients and those in other 
institutions, a wholesale condemnation of the use of heliotherapy in 
pulmonary tuberculosis seems unwarranted. Even Watson goes so far 
as to say that its use is indicated in the productive type of case. This 
type corresponds quite closely to the fibrous type of Pollock (5), which 
he states practically always responds favorably to sun treatment. It is 
quite apparent also that certain cases showing more activity may be bene- 
fited, but they should be carefully selected and a conservative technique 
should be rigidly followed. 

Most authorities now protect the diseased part until an advanced stage 
of exposure of the body has been successfully reached, at which time the 
chest is very gradually exposed and the sunlight administered, as it were, 
drop by drop. Watson (1) has prepared complete and detailed memor- 
anda for the guidance of his patients. His warnings are well worth 
studying. Our own rules prepared by Dr. Jno. K. Shumate are as 
follows: . 


1. Never expose the chest until definite tanning is noted on the lower ex- 
tremities. 

2: When starting exposure of the chest take one minute only on each side the 
first day and increase one minute each day instead of five minutes. 

3: In case there is any increase of any symptoms, such as those listed in the 
conference sheets, discontinue sun treatment at once until a conference can 
be had with the nurse in charge or a physician. 

4: The temperature and pulse are to be recorded on the charts furnished be- 
fore beginning each exposure and one half-hour after discontinuing the ex- 
posure. 

5: No treatment is to be taken between 1 p.m. and 3 P.M. 

6: On unusually hot days the time should be decreased so as to approximate 
as nearly as possible the average dosage, and after ten days of exposure the 
time may be increased slightly on partly cloudy days, but never more than 50 
per cent additional time should be given. 

7: No exceptions to the above rules are to be allowed for having had previous 
exposure, and any known departure from the above will result in the discon- 
tinuance of the treatment. 


Everyone recognizes that hot, humid days are not good for patients 
with pulmonary tuberculosis. Possibly the fact that we have very few 
such days in Northern Minnesota and especially in St. Louis County 


92 


HELIOTHERAPY IN PULMONARY TUBERCULOSIS 93 


in the neighborhood of Duluth, is one reason why comparatively few ill 
effects have been noted from the use of natural heliotherapy in our pul- 
monary cases. Some of the accidents attributed by certain observers 
to the action of ultraviolet rays may have been really due to heat rays. 
Protection from chilling and cold winds is equally necessary. 
The assumption of many conservative sanatorium men that there is 
great danger in the careful use of the sun treatment in uncomplicated 
cases of pulmonary tuberculosis seems hardly warranted, especially in ' 
view of the fact that most of these same men do not hesitate to use this a 
| 


form of treatment in extrapulmonary tuberculosis, even when accom- 
panied by lesions in the lungs. é 

The value of carefully administered sun treatment in cases with com- 3 
paratively few symptoms, those manifesting but slight activity and 3 
showing a tendency to fibrosis, has, I believe, been demonstrated, and a % 
certain proportion of such patients should have the benefit of this useful | 
adjunct to other measuresemployed. That many of them would eventu- 
ally regain their health without it is not an entirely sufficient reason for 
omitting it. 

On the other hand, while accurately dosed heliotherapy does not seem 
to be extremely dangerous for some of the more active cases of pul- a 
monary tuberculosis, so little is to be gained by its use, and so much of 
rest and, in the case of artificial heliotherapy, of fresh air, may be sacri- 
ficed to obtain it that one should use due discrimination in prescribing it. 3 
Its results are not likely to be spectacular and its omission is not neces- 
sarily detrimental to the patient’s best interests. 


The writer wishes to acknowledge the assistance of Miss Irene Higgins in the preparation 
of history summaries. 
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INDICATIONS FOR DIFFERENT OPERATIONS IN THE 
SURGICAL TREATMENT OF PULMONARY 
TUBERCULOSIS! 


H. C. JACOBAEUS? 


All surgical therapy in pulmonary tuberculosis has on the whole been 
aiming at bringing about collapse of the diseased organ either in its en- 
tirety or in part. This procedure has more and more definitely won 
through, and has become the leading principle in the surgical treatment 
not only of tuberculosis but also of other diseases of the lung. 

With regard to the choice of methods there are, as we know, two or 


rather three principles to follow: c 4 


1: Treatment by artificial pneumothorax, mainly elaborated by Forlanini 


and Saugman, including cauterization. 
2: The method of thoracoplasty, elaborated by Sauerbruch, Brauer and 


others. 
3: Phrenicotomy, for therapeutic purpose first suggested by Stiirtz. 


These different methods have come to be so extensively used, and also 
employed in various combinations, that an exhaustive account of so 
large a subject is scarcely possible in the short time at my disposal. I 
shall confine myself, therefore, to those special methods of smaller com- 
pass in regard to which my particular experience may be of practical 
value. 

First, then, with regard to the question of artificial pneumothorax and 
thoracoplasty, the principle I hold is that I consider that pneumothorax 
should be tried first before thoracoplasty is resorted to. There are 
admittedly exceptions, when thoracoplasty ought to be done directly 
without any previous attempts at pneumothorax, but these are cases in 
which one has reason to expect extensive adhesions and pneumothorax is 
therefore impossible. I must admit, however, that cases have recently 
occurred, when one has been in doubt whether a thoracoplasty should 
not have been immediately done instead of pneumothorax. It has then 


1 Read at the 5th tuberculosis meeting, Kopenhagen, Denmark, June 28-29, 1927. 
* Director, Medical Service IT, Serafimerlasarett, Stockholm, Sweden. 
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been a question of far-advanced cases, in which the diseased lung has been 
seriously affected while the other lung has been sound, and in which 
social conditions outside have rendered it difficult to carry out treatment 
by pneumothorax. 

For my own part I must dissociate myself from the extreme view repre- 
sented by Sauerbruch and his followers, which would make thoracoplasty 
the routine method in the surgical treatment of pulmonary tuberculosis. 
In my opinion pneumothorax should, on principle, be indicated, before 
all, in early cases, and be used earlier than is generally done, on the same 
principles as voiced by Professor Sophus Bang in Denmark. The 
prospects of complete pneumothorax are greater the earlier it is induced. 
Adhesions probably form then to a lesser extent. Then, too, the possi- 
bility of aiding by means of cauterization is greater and is associated 
with less risk, as it is just in extensive cauterizations that complications 
arise. That thoracoplasty should not be chosen without further con- 
sideration could be supported by instances from my early experience 
with this method. 

Direct thoracoplasty was performed in a case sent to me by a colleague 
with the information that pneumothorax was impossible on account of 
adhesions. Since a few ribs had been resected at the operation the 
pleura could be seen lying free. As the operation had been nearly com- 
pleted it was brought to an end in the usual manner. In this case, 
however, some disease of the other lung was contracted, causing the 
death of the patient after about a year. In view of such a case it may 
be questioned whether it had not been a better procedure first to have 
tried pneumothorax, the more so since the case had not seemed to be 
very advanced or of a malignant nature. 

Furthermore, if changes are found in the other lung also, even if only 
in the nature of a suspicion of activity, pneumothorax should, in my 
opinion, be tried first under all circumstances. On the whole, it does not 
seem to me that the difficulties in choosing between thoracoplasty and 
pneumothorax are very great, and it is relatively seldom that one is 
confronted with doubtful cases. This happens particularly in cases 
treated with pneumothorax, but incompletely so. Here it is frequently 
very difficult to decide whether cauterization should be tried or a thora- 
coplasty be carried out; and then it is often a question of cauterization 
of more or less extensive surface adhesions over cavities at the apex, a 
procedure that may be associated with no small risk; or the other so 
called sound lung may have shown signs of active disease or the general 
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condition of the patient been so bad as to render thoracoplasty very 
hazardous. 

[The speaker first showed pictures from five cases with incomplete 
pneumothorax, referred to him for cauterization. In all the cases thora- 
coscopy had revealed such large and extensive adhesions as to render 
cauterization futile. In all the cases, therefore, thoracoplasty had been 
performed. After that three cases were shown, in which, on account of the 
condition in the other lung and also for other reasons, it had been desired 
first to attempt cauterization before thoracoplasty was carried out. In 
these cases, skiagrams of which are submitted here, one succeeded, 
through cauterization in several stages, in obtaining sufficient collapse of 
the diseased lung with its cavities (cases 1-3, figures 1-8).] 

The advantages of the foregoing procedure is this, that in all the 
above cases a fully satisfactory pneumothorax was obtained when the 
general condition of the patient was too much impaired for a thoraco- 
plasty. It is also of interest to note the observation made that the 
adhesions after each operation become to a certain extent stretched; 
this renders a fresh cauterization less risky than if the whole procedure 
be attempted at one sitting. Further experience, however, is needed on 
this subject, and, as mentioned from the outset, success is largely depen- 
dent upon the technical skill and experience of the operator. The 
difficulties are especially great in case of short apical adhesions with 
underlying cavities. 

The subject of incomplete pneumothorax brings the question to the 
technique in thoracoplasty in such cases. It will be clear from what has 
been said that this is associated with certain difficulties, as it is necessary 
carefully to observe the pressure conditions in connection with the 
pneumothorax, and to guard against this being too high, as illustrated by 
the figures. It also seems to me that it is only in a limited number of 
cases that good results are secured by this combination. In only one 
case among those mentioned above has a satisfactory result been ob- 
tained; in the others the tuberculous affection progressed further and 
finally led to the death of the patient. 

. It seems to me that partial thoracoplasty is of greater importance in 
cases without pneumothorax. This method is then indicated by the fact 
that the lower part of the lung has been in such good condition as to 
render it desirable to maintain it intact. In other cases the other lung 
has shown such changes as to make it desirable to collapse the parts 
most severely changed. My experience here is rather limited, as the 
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Fic. 1. CASE 1 BEFORE CAUTERIZATION OF ADHESIONS 
Fic. 2. CAsE 1 AFTER A First CAUTERIZATION 
Fic. 3. CASE 1, WITH COMPLETE COLLAPSE OF THE LUNG, AFTER A SECOND CAUTERIZATION 
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Fic. 4. CASE 2 BEFORE CAUTERIZATION 
Fic. 5. CASE 2, WITH SUFFICIENT COLLAPSE OF THE LUNG, AFTER CAUTERIZATION 
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Fic. 6. CasE 3 BEFORE CAUTERIZATION 
Fic. 7. CasE 3 AFTER A FIRST CAUTERIZATION 
G. 8. CASE 3, WITH SUFFICIENT COLLAPSE OF THE LUNG, AFTER A SECOND CAUTERIZATION 
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surgeon associated with me, Professor Key, as well as myself have rath 
preferred doing total thoracoplasty because of the danger of infectirz 
the lower part of the lung in connection with the operation. 

The few cases (4) on which the operation has been carried out ha’ e 
all succeeded well, and the impression I have formed is that this oper - 
tion is respected too much and that it ought to be used more than is t 
case. I should also like to remind my hearers about the suggestion ma: e 
by Alexander, our American colleague, to begin thoracoplasty from aboy:, 
with resection of the uppermost ribs. 

Finally a few words about phrenicotomy. This is carried out ‘n 
case of (1) disease changes in the lower part of the lung where elevaticn 
of the diaphragm would bring about a better collapse and consequent y 
a better healing of these parts, and (2) as an initial test in certain cases 
of thoracoplasty when the “‘better’”’ lung shows so great changes as to 
render it doubtful whether the patient is able to stand the operation in 
question (Sauerbruch). Several phrenicotomies have been done from 
this point of view, but the results seem to me, despite the publication of 
not a few very beautiful cases, to be fairly moderate and the importance 
of the operation to a certain extent exaggerated. It has the advantage 
of being simple and not trying for the patient. My own experience, 
however, is small. I have no case of tuberculosis in the lower lobe in 
which phrenicotomy alone has proved curative. 

With regard to Sauerbruch’s suggestion to carry out phrenicotomy as 
a functional test of the better lung, I have had this done in a few cases, 
but I have been unable to find it of any benefit worth mentioning. In 
some cases I have formed the impression that a thoracoplasty has been 
postponed thereby and that valuable time for the operation been wasted. 
It seems to me, therefore, that phrenicotomy has also been exaggerated 
as a functional test. 
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ForRLANINI ADMINISTERING ARTIFICIAL PNEUMOTHORAX 
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CARLO FORLANINI AND THE CONTRIBUTION OF 
THE ITALIAN SCHOOL TO PULMONARY 
COLLAPSE THERAPY! 


GAETANO 


The subject of artificial pneumothorax, as applied to the treatment 
of pulmonary disease and especially of phthisis, can at present be re- 
garded as a chapter of pathology, precisely and exhaustively described. 
The numerous publications which are still being issued cannot modify 
the fundamental elements of the principle of the procedure, however 
interesting and valuable they are in their treatment of details. Among 
these publications are those which, designed to demonstrate the thera- 
peutic utility of the method, deserve special attention, such, for instance, 
as the communication to this Congress of Doctor Rist (1). In the 
development of this subject Carlo Forlanini and the Italian School have 
contributed the most important and conspicuous part. 


At this Conference it is not my purpose to expound, as a whole or in 
individual details, the principles of artificial pneumothorax, in its clinical, 
anatomical or technical relations; for I should then be obliged to exceed 
the limits imposed upon me and to repeat many things that are, in large 
part, well-known. I shall therefore only touch upon several points of 
this important question briefly, giving prominence to what the dis- 
coverer of the method and the Italian School have done. 


Carlo Forlanini has himself described his own experimental and 
clinical activities during a marvelous period of the history of Italian 
medicine that had its best exponents in Camillo Golgi and Bizzozero. 

Extensive and varied though his own pathological and clinical achieve- 
ments may have been, his name remains indissolubly linked with 
artificial pneumothorax applied mostly to the treatment of pulmonary 
consumption. Just as artificial pneumothorax is a condition that was 


1 Presented at the twenty-second annual meeting of the National Tuberculosis Association, 
Washington, D. C., October 4-7, 1926. 
? Translated by Allen K. Krause. 
* Director, Istituto di Tisiologia, Milan, Italy. 
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theoretically conceived and practically applied by him, so it came to be 
fashioned during a prolonged period of patient meditation and labor. 
Its conception, practical application and clinical study embraced almost 
thirty years (6 lusira). Forlanini’s first publication on the possibility 
of artificial pneumothorax for therapeutic purposes in human medicine 
dates to 1882. The communication of the first favorable results ob- 
tained extend from 1888 to 1895. The unconditional approval of the 
therapeutic utility of artificial pneumothorax by the medical world 
dates to the Congress at Rome in 1912. While he had promulgated the 
proposition in 1882 and brought forward the proof of its clinical validity 
in 1895, Carlo Forlanini, in his Clinic at Pavia, proceeded to assemble 
statistics, in order to determine the indications of the method and im- 
prove its technique, and, above all, to allow his results to mature and 
thus collect complete and definite clinical proofs. 

As with every great discovery, the idea of artificial pneumothorax, as it 
took shape in Forlanini’s mind, was not born suddenly. It had a long 
period of preparation and development, during which, as is now of 
historical record, illustrious scientists were at work. However, it is 
well to recognize in Forlanini the man who has endowed the therapy of 


pulmonary consumption with so efficacious a means of cure. 
The fundamental features that characterize his priority and distin- 
guish his own from preceding propositions are: 


1: It embodied a new and entirely personal conception of the destructive 
process that characterizes pulmonary phthisis. 

2: His conviction that only with a technique suited to such a conception would 
it be allowed to obtain all the success that the method aimed at, and avoid all 
inherent inconveniences and dangers. 


The general principle on which the method was based was thus formu- 
lated by Forlanini: 


The reason why infectious processes that invade the organism gain headway, 
when they attack the lung in pulmonary phthisis, is that almost all are in the 
actively functioning parts of the lung. If a lung already phthisical becomes 
immobilized artificially, the destructive process, which has there been active, 
is arrested, and the parts already destroyed are cicatrized in the manner 
common to every solution of continuity. 


That artificial pneumothorax conduces to the anatomical healing of 
pulmonary tuberculosis is now an established fact. Such healing is 
characterized by the nonformation of |further tuberculous products in 
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the compressed lung and by the replacement of the active lesions with 

a luxuriant and general neoformation of connective tissue, partici- 
pated in by all the organic elements that constitute the lung. The 
tuberculosis ends by disappearing from the compressed tissue. As is 
known, clinical recovery precedes anatomical healing. 

The principle, fundamentally of physical nature, as formulated by 
Forlanini to explain the beneficial action subserved by artificial pneumo- 
thorax in the treatment of phthisis, still subsists, and must be admitted 
(on the basis of clinical and anatomical observation), even though sub- 
sequent studies have disclosed that factors other than mechanical and of 
diverse character (functional and biological) are to be considered in giv- 
ing a convincing and complete demonstration of the action of collapse 
therapy. 

The Italian School (Breccia, Fornaroli, Da Gradi, Carpi) have laid 
great stress on the value of artificial pneumothorax as a factor in regu- 
lating intoxication and abolishing secondary infection. Very interesting 
are Carpi’s researches on the modifications of the opsonic index of the 
blood-serum of consumptives cured by pneumothorax:—favorably modi- 
fied in favorable cases, and uncertain or negative in cases of unfavorable 
course. 

How respiratory function comports itself in the lung healed by pneu- 
mothorax and afterward allowed to reéxpand, has been the object of 
particular inquiry on the part of Forlanini’s School (Graziadei, Cavallero, 
Riva-Rocci, Carpi, Morelli). The results of their experimental and 
clinical observations can be summarized as follows: 


A marked reduction (up to 66 per cent of the total) in superficial respiration 
does not, aé rest, modify sensibly either pulmonary ventilation or the chemistry 
of respiration. These go on as in the normal state. Artificial pneumothorax 
results in nothing harmful to respiratory function. When the lung, com- 
pressed by pneumothorax, is allowed to reéxpand, one can observe a quanti- 
tative diminution of respiratory function throughout the pulmonic zone that 
has become suppressed by cicatrization. However, the chemistry of superficial 
respiration remains normal. 


Clinical observation shows that, in the case of artificial pneumothorax 
with normal course, clinical recovery can be gained in from one and a 
half to two years and that, when allowed to reéxpand, the formerly 
compressed lung functions normally. From this is derived the proposi- 
tion of consecutive bilateral artificial pneumothorax for those patients 


4 
4 
4 
4 
4 
ig 
4 
4 
4 


104 GAETANO RONZONI 


in whom, with healing completed and lasting, the noncompressed lung 
comes down with tuberculosis. This method, applied first by Forlanini, 
has been the object of particular study by Maurizio Ascoli, Fagioli, 
Cova, Carpi, Fontana, Giani, etc. The results of their observations 
indicate that, while it is true that the compressed lung can reéxpand, 
come in contact with the thoracic wall provided there are no adhesions, 
and resume its function, nevertheless the cicatrized residua of old 
lesions, the local deformities thus induced, and the exaggerated burden 
of work engendered, set up conditions favorable to recurrence. Con- 
secutive bilateral pneumothorax is possible; but there is need of pro- 
ceeding cautiously in any proposal for its general use. An abundance 
of data gathered by the Italian School limit greatly its practical value 
and utility in therapy. 


Carlo Forlanini assumed that for pneumothorax to lead to cure it 
should have that volume and pressure that would assure continuous and 
uninterrupted immobilization of the lung: only in this way could there 
be any healing of the process. 

Clinical experience has shown: 


1: In practice such a pneumothorax is the exception (4 to 6 per cent of the 
cases). 

2: In order to obtain complete immobilization high endopleural pressure can 
be more harmful than useful. 

3: The beneficial effect of pneumothorax is often observed at the very begin- 
ning of treatment, when one cannot speak of total pulmonary collapse. 

4: Even with a partial pneumothorax notable results are often attained. 


From these observed facts has originated, on the part of Maurizio 
Ascoli (1912), the proposal of hypotensive artificial pneumothorax. As 
practised, this does not deprive the patient of a partial immobilization 
of the lung, and clinical experience has shown that it has a very extensive 
and useful practical application. This is not the occasion to insist 
particularly on the theoretical reasons that led Ascoli and his School to 
propose this method. 

To Ascoli and his School goes all the credit of having proposed (1913- 
1914) contemporary bilateral anvificial pneumothorax, reserved for those 
subjects in whom unilateral pneumothorax, especially one of high pres- 
sure, is contraindicated because of the diffusion of the processes in both 
lungs. At the present time we see the procedure, with various indica- 
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tions, advocated by other authors. The method can give genuinely 
beneficial results, and its possibilities should always be valuable in 
phthisiatry. Our own experience would greatly limit its practical 
results, both those that are immediate and especially the ultimate 
effects. It is a method for exceptional occasions, and one that is sympto- 
matic rather than curative. 


The application of artificial pneumothorax has precise indications 
which can be summarized as follows: 


It represents a delicate operative act. 

It is justified solely in the presence of lesions that are destructive, are localized 
but progressing, and are not susceptible of being effectively helped by sympto- 
matic, specific or sanatorium treatment. 

Granted the progressive and destructive character of a pulmonary lesion, 
pneumothorax should be applied at once, without waiting for the grade of the 
lesion to reach those extensive proportions that would jeopardize the results 
of treatment. 


Brief mention may be made of the two dangers inherent to the treat- 
ment and especially to the operative act; that is, pleural eclampsia and 


gaseous cerebral embolism. 

The danger of pleural eclampsiais areal one. It enters into the group 
of those clinically recognized nervous accidents that are observed as a 
consequence of puncture of the pleura. On occasion it can be so grave 
as to cost the life of the patient. One understands how it should be 
appraised in the case of a method that involves frequent pleural punc- 
ture. There is indeed no absolute preventive against it. However, 
clinical observation has demonstrated it to be an occasional complica- 
tion, and of very little importance if compared with the benefits of the 
treatment. 

Real and serious a danger though it is, cerebral gaseous embolism 
should, in general, be regarded as insubstantial provided the operation 
is performed in accord with the rules of the surgical art, and the standards 
of Forlanini, with familiar precautions and suitable instruments. Care 
should be taken to operate in cases of completely or largely open pleura, 
dividing this always at the first inflation, and, with pressure at zero, not 
allowing the gas to leave the apparatus unless it can be absorbed spon- 
taneously from the pleural cavity. However, cerebral gaseous em- 
bolism is possible in spite of all these precautions, as, for instance, when 
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the needle enters an old and very vascular pleural adhesion, across which 
the vessels could easily permit the passage of gas from the chest-wall 
into the lung and from here into the great circulation. To avoid such a 
possibility Forlanini has suggested a safety syringe, which, before giving 
free passage to the gas, can permit the determination of whether the 
needle is or is not in a vessel. 


Forlanini’s apparatus is satisfactory for the ordinary requirements of 
the treatment. However, it has two inconveniences: 


1: The possibility that, in passing through the tissues, the needle becomes 
blocked, so that the operator cannot know whether or not it is in the pleural 


space. 
2: Too limited a charge of gas (500-600 cc.). 


To avoid the inconvenience of the blocking of the needle, Vallardi and 
Carpi have proposed types of needles armed with stilettes, which would 
thus easily free the passage in case the needle became obstructed. 
Among the apparatuses recently proposed I may mention Carpi’s, 
which without any special manoeuvre allows a quantity of gas sufficient 
to meet any demand. This is very useful, for instance, in case of 
haemoptysis, when rapid collapse is required. Morelli of Pavia has the 
idea of an apparatus that is very simple and practical, and with which, 
at the first puncture, the aspiration of the gas goes on automatically, by 
its spontaneous aspiration into the pleural cavity. 


In carrying out pneumothorax treatment satisfactorily and practically, 
the common manometer, attached to the apparatus now used, will serve. 

This indicates: whether we are in the pleural space; the condition of 
freedom of the pleura; whether one has to do with a rigid or compressible 
pneumothorax; the quantity of gas that may be conveniently introduced 
from time to time; the absorbability of the gas; the opportune intervals 
between refillings; whether and when complete collapse has been ob- 
tained. It is also very useful in the early diagnosis of intercurrent 
pleural effusion (Fagioli, De Martino). 

Whenever one wishes to appraise accurately the two elements that 
supported the therapeutic concept of Forlanini, that is to say, the condi- 
tion of compressibility of the lung and the optimum pressure of a good 
pulmonary collapse, the ‘“‘ergomanometer,”’ proposed recently by Parodi, 
does very well according to the experience of my School. It serves as a 
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guide in the physical estimation of the nature and site of the different 
factors that can contribute to variations in the elasticity of the pul- 
monary parenchyma and allows these factors to be separated and 
appraised individually (thoracodiaphragmatic action; mobility of 
mediastino-pulmonary wall; expiratory resistance of lung; presence of 
adhesions, when these limit the capacity of the thoracic space and 
impede pulmonary retraction). 

Among the more frequent complications of pneumothorax is, as is well 
known, parapneumonothoracic pleuritis. Concerning it the contributions 
of the Italian School are rich and complete beyond measure (Forlanini, 
Fava, Facchini, Malan, Cova, Breccia, Lura, Parodi, Cecchini, Pisoni, 
Fagioli, M. Redaelli, Sella, etc.). 

As based on experiment and clinical observation, the conclusions, in 
which our School joins, can be summarized here as follows: 


Pleuritis, occurring in 45 to 50 per cent of cases during treatment, is the most 
frequent complication of pneumothorax. Such a percentage is clearly re- 
ducible if the pneumothorax treatment is associated with residence in a 
sanatorium. 

These are not to be confused with trifling transitory and aseptic effusions, 
that are often observed at the beginning of treatment and which are owing to 
normal transudates of the pleura, difficult of reabsorption because of the 
pneumothorax. 

They are distinct from effusions that occur in cases of rigid thorax when 
treatment is interrupted,—true hydrops ex vacuo, they even have an inflam- 
matory character. 

In 90 per cent of the cases they are of a tuberculous nature. They can arise 
(1) as exudations from a reactivated subpleural focus of tuberculosis; (2) as 
the expression of a true and proper tuberculosis of the pleura, in which case 
the fluid is often bloody, pyoid, or purulent. With the tuberculous pleurisies 
are to be associated the pleurisies that are to be observed in pneumothorax, 
following overexertion, menstruation, etc., as a result of the exaltation of 
preéxisting foci. 

The rheumatic pleurisies, those pleurisies related to errors of technique or 
intercurrent disease (pneumococcus, streptococcus, etc.), constitute the smaller 
number. 

According to a well-conducted clinical and statistical study it is shown that 
the pleurisy of pneumothorax appears by preference during the first months 
of the treatment (1 to 4 months), and coincides with other tuberculous 
manifestations that become evident in this period. Therefore, the occurrence 
is not to be attributed to pneumothorax, but is inherent in the morbid process. 
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In my experience, it can be rendered less likely if, as I have said, a rigorous 
cure in a sanatorium is insisted upon in the beginning. 


One last detail in technique. In both the functional and clinical study 
of pneumothorax, the inquiry with lipiodol has had an extensive applica- 
tion in Italy. Deserving of special mention are the studies made by 
Cecchini in my Institute, and especially those of M. Redaelli, Garbug- 
nate, and Legnano. 

The following more important features stand out: 


With this method, it is seen that not even in the most favorable cases is the 
lung ever in complete collapse. 

The method is of very great service in the study of details of cavities and 
of alterations of the bronchial tree. 

The method has technical limitations represented especially in the functioning 
of the diaphragm. 

Notwithstanding these limitations and despite the fact that its effects are not 
entirely harmless, lipiodol provides a method of inquiry or treatment that is 
of noteworthy value in the course of pneumothorax. 


What then are the practical results of artificial pneumothorax? 

These results may be considered in two distinct groups,—those that 
are immediate and those that are remote. 

As to immediate results agreement has been reached with time. 
Already at the International Congress at Rome (1912) pneumothorax 
was acknowledged by all as a means of indisputable usefulness in the 
treatment of pulmonary tuberculosis. In indicated cases, with gravest 
clinical symptomatology, it scores a real and prompt triumph. 

What now, on the basis of statistics that we possess, can we say as to 
its remote curative effects? 

In his acclaimed communication to this Congress Rist clearly arrayed 
himself in favor of the method. 

My own statistics, gathered from personal experience, and the litera- 
ture of Italy and other countries, refer to 7,750 patients treated with 
pneumothorax over a period of more than six years. They show 25 
per cent of stable recoveries if one accounts for all cases, ambulatory, 
hospital and sanatorium; and 35 per cent if one considers only those 
cases treated with pneumothorax in sanatoria. 

Statistical results confirm in striking fashion the clinico-social value 
and utility of Forlanini’s method in the present state of our tuberculosis 


therapy. 
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GENERAL REMARKS ON HYPOTENSIVE ARTIFICIAL 
PNEUMOTHORAX, AND ESPECIALLY SIMULTANE- 
OUS BILATERAL PNEUMOTHORAX! 


P. SERIO 


At a time like the present, when the study of artificial pneumothorax 
in general, and of the bilateral method in particular, is making great 
progress, it may not be out of place to set out the point of view of the 
department where the latter took its origin. 

The first mention of bilateral artificial pneumothorax was made by 
Maurizio Ascoli at the Congress for Tuberculosis held in Rome in 1912. 
Ascoli’s ideas then seemed so very heretical that the Secretary of the 
Congress, the late Professor Saugman, speaking of it with the author, 
declared that he could not understand the theoretical principles on which 
this new adaptation of pneumothorax was based. 

It was, as a matter of fact, in open contradiction with what had hitherto 
been considered a dogma in the practice of pneumothorax. The founder 
of collapse therapy, Carlo Forlanini, had summed up his ideas on it in the 
following propositions: 


1: The absolute immobilization of the lung prevents the destructive process. 
2: Merely a reduction of morbidity favors the development of anatomico- 
pathological changes that prepare the way toward tissue destruction: therefore 
3: Pneumothorax, designed to immobilize the lung, cannot be applied except 
on one side: therefore it is useful only in cases of unilateral tuberculosis. 
Accordingly, Forlanini excluded absolutely the possibility of a bilateral pneumo- 
thorax. 


In 1912 Ascoli disproved, one by one, the principles of Forlanini. 
By means of clinical observation he showed that absolute immobilization 
of the lung, in itself very difficult to obtain, is 


(1) not necessary, since a simple limitation of mobility not only does not favor 
the development of disease, but is in itself sufficient as an efficacious remedy, 
while it preserves the other lung from the dangers of the re-formation of foci; 


1From the Department of Internal Medicine (Professor Maurizio Ascoli), Medical 
School, University of Catania, Sicily. 
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(2) not always useful, as in many cases it causes already healed foci to begin 
anew, or leads to the appearance of similar foci on the other side. 


For the idea of immobilization Ascoli substituted that of reducing the 
elastic tension of the lung with oscillation to an average degree of elastic 
equilibrium, reduced if compared with the normal. 

As to the maximum of allowable pressure Ascoli maintained always 
that it must, at any rate, be subordinated to one’s individual tolerance. 
It must, he said, never exceed that limit which he called critical and which 
varied from case to case. If it should go beyond this point the harm 
done by pneumothorax would be greater than any advantages to be de- 
rived from the collapse. 

For high-pressure pneumothorax, hitherto applied, Ascoli substituted 
low-pressure pneumothorax; pointing out, however, that one could not 
generalize, but that the operator should always individualize, and in 
every case try to attain that correct (?) pressure (the optimal) which 
gave the best results with the least danger. 

The general conclusions, that Professor Ascoli had drawn from clinical 
observation, were not accepted at once by phthisiologists; nor, as we 
have seen, did Forlanini accept them. However, hypotensive pneumo- 
thorax soon found supporters: first, Parry Morgan (1913), then Maragli- 
ano and also Breccia (1914), Gwerder and Pedoja (1917), all of whom 
adopted it. Little by little its use spread; so that we think we may 
safely say that to-day it represents the preferred method and the one 
that is being used most widely. 


But the logical development of the idea described inevitably led the 
author to consider the problem of simultaneous bilateral artificial pneu- 
mothorax. 

For the following question arose: If a limitation of the mobility of 
the lungs is sufficient to influence the foci of tuberculosis, is it not possible 
to obtain a partial collapse of the two lungs simultaneously with a 
hypotensive bilateral pneumothorax? 

Inasmuch as these views seemed perfectly reasonable, Ascoli did not 
hesitate to put into practice the second of the above inferences; and at the 
same Congress of 1912 he spoke of a hopeless case of bilateral tuberculosis 
which he had treated in this way. There were thus dispelled the theoreti- 
cal objections, derived from the postulates of Forlanini, which limited 
collapse therapy to one side only, and expressed by Forlanini in his third 
proposition. 


{ 
j 


SIMULTANEOUS BILATERAL PNEUMOTHORAX 111 


Such was the basis on which simultaneous double pneumothorax was 

founded sixteen years ago as an individual and original method. Al- 
though it arose from the pneumothorax of the great Forlanini, its principle 
was substantially different, and was based on a different valuation of 
its therapeutic mechanism. It is therefore surprising to see what 
confusion has been created by some authors as between successive 
bilateral pneumothorax and contemporary bilateral pneumothorax, a 
confusion that must be certainly due to an imperfect comprehension of 
the essential difference of the two procedures. In order to avoid this 
confusion Forlanini’s pneumothorax should be called successive bilateral 
pneumothorax; it is the common unilateral pneumothorax, done suc- 
cessively, after a longer or shorter period, on both sides. The procedure 
of Ascoli, with the profound modification of its central principle, should 
be called simultaneous double pneumothorax. 

Simultaneous double pneumothorax is, of course, given in cases of 
double tuberculosis in which a Forlanini pneumothorax is not indicated, 
or in which, after the employment of pneumothorax on one side only, 
there has been a development or recrudescence of a tuberculous focus 
in the other lung. 

Ascoli’s suggestions and method did not fall on sterile ground. After 
a short time Parry Morgan (1913) experimented with simultaneous 
double pneumothorax on animals. The next year, Dr. Fagiuoli, Pro- 
fessor Ascoli’s assistant, referred to the results obtained with the new 
treatment in certain serious cases of bilateral tuberculosis. Afterward 
came the studies of Breccia, Abbott, Barlow and Kramer, and Hennell 
and Stivelman. 

The cases that have been treated are now very numerous. We 
mention those of Sechi, Bernardi, Giani, Zuccola, Riccioli, Russi, Nisio 
Morelli, Corinaldesi, and especially the important contribution by E. 
Forlanini and the recent splendid work of Castiglioni and Parodi, in 
Italy; also those of Bezancon, Jacquelin, Sergent, Toussaint, Courmont, 
Coulaud, Armand-Delille, Lestocquey, Vanbockstaele, Panier, Dénechan 
and Ainsler, Tobé and Terrasse, Ameuille, Rist, Coulaud and Chabaud, 
and Celestin in France; Samson, Fraenkel, Friedland, and Maendl in 
Germany; and McLaughlin in England. The whole forms a literature 
in itself. 

The expanding application of the method and the favorable results 
recited in the numerous publications on it lead us to alter, to some extent, 
the reservation with which we ended an article written a few years ago. 
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We then wrote, “If what has been said should lead to an excessive and 
too general a use of simultaneous double pneumothorax, the ensuing 
harm would outweigh the advantages derived from it, and would end 
by bringing discredit upon the method. Simultaneous double pneumo- 
thorax does not represent the normal cure of bilateral tuberculosis.”’ 

These reservations, to some extent, must still be kept in mind, even 
though technical improvements have lessened the dangers of collapse 
therapy, and though, since Ascoli’s hypotensive pneumothorax has come 
into general use, the commonest complication, pleurisy, seems to have 
become much reduced. 

However, one must not forget that hypotensive pneumothorax, and 
especially the simultaneous double method, renders more likely the 
formation of adhesions. For this reason much attention must be paid 
to efforts to avoid them. Simultaneous bilateral pneumothorax has 
already passed from the stage of clinical study to that of practical cures. 
It must, however, be prudently employed and entrusted to experts 
only. 
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EXPLAINING ARTIFICIAL PNEUMOTHORAX TO THE 
PATIENT 


CARL R. HOWSON! 


In presenting the subject of therapeutic pneumothorax to a patient 
or a patient’s family, we are invariably heavily handicapped because 
of their ignorance of the mechanics of respiration. This ignorance is 
well-nigh universal, despite the knowledge of anatomy and physiology 
which is supposed to be imparted in our high-schools. It is not surpris- 
ing, however, in view of the ease with which many of us forget details 
of our physiological instruction when they are not kept fresh in our 
minds by the problems of our daily work. A radiograph of the chest, 
or an illustration showing the outlines of the thorax and the diaphragm, 
furnishes a foundation upon which to base an explanation of the pro- 
cedures contemplated, and the reasons therefor, but this still leaves 
much to be desired. 

The difficulty we experienced as students in visualizing the peritoneal 
cavity, even with the aid of the numerous diagrams supplied by our 
textbooks on anatomy, should give us a sympathetic appreciation of the 
efforts of the average layman, quite ignorant of anatomy, to visualize 
the pleural cavity as a potential cavity only. He has further to disabuse 
his mind of the idea that in some mysterious way the air is forced into 
the lung in inspiration. The concept of the lung as an elastic collapsible 
organ, held out in a position of distention by a negative pressure, or, as 
expressed in terms more likely to be understood, a partial vacuum, rather 
than by inflation from within, is usually an entirely new one. 

For several years I have been trying to devise a mechanical model 
with which to illustrate the mechanism of respiration and the function 
of the pleural space and diaphragm, but the inevitable complexity of such 
a model seemed to render its use impracticable. I finally constructed a 
simple little toy, which, while it leaves much to the imagination regarding 
the function of the thoracic wall and the diaphragm, has proved very 
helpful. As may be seen from the accompanying illustration it is not 
at all elaborate. 


1 Los Angeles, California. 
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It consists of a 200-cc. Florence flask A, representing the thoracic 
cavity, in which is an ordinary rubber toy balloon B,—a red one would 
seem most appropriate,—representing the lung. This is tied over the 
end of a short glass tube which is inserted through a hole in the rubber 
cork. In the other hole in the cork is a glass tube C which reaches to 
the bottom of the flask, being curved so that it is in close approximation 
to the side. It lies in the “pleural cavity.” To the projecting end is 
attached a rubber tube, the other end of which is connected to one leg 


of a metal “‘Y” such as is used on a Bowles stethoscope. On the other 
leg of the “Y” is a short piece of similar tubing, its distal end containing 
an intake valve D from a sphygmomanometer bulb. This valve is 
inserted in reverse position, so that it acts as an outlet. The stem of 
the ‘‘Y” is connected by a short rubber tube to the outlet valve of a 
sphygmomanometer £, which in turn is connected to a fairly heavy 
bulb F. The one pictured is a heavy Asepto syringe bulb, but an 
ordinary infant’s rectal bulb will answer. The thin rubber diaphragm 
in the valve EZ is removed, so that air will pass freely in both directions. 
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A quick forcible compression of the bulb F opens valve D, allowing 
air to escape. As the pressure is released, the bulb fills with air aspirated 
from the flask A. Repetition of this results in exhaustion of the air 
in the flask “pleural cavity” (reduction of the pressure and production of 
a partial vacuum) until the balloon “lung” expands to the capacity of the 
flask. It is then held out in the same manner as the lung is held to the 
chest-wall, the visceral and parietal pleurae being in contact, and the 
pleural cavity being a potential cavity only. 

The walls of the flask being rigid, it is not possible to imitate the 
movements of the chest-wall and the diaphragm, but the alternate 
contraction and expansion of the lung in respiration may be indicated 
by slowly compressing and releasing the bulb F. This does not suffice to 
open the valve D, and results in the air entering the flask, with conse- 
quent reduction in size of the balloon “Jung.” As the pressure on the 
bulb is released, the balloon again expands. The impossibility of securing 
rest in a functioning lung is then easily impressed upon the audience. 

By opening the needle-valve E air is permitted to enter the “pleural 
cavity” and ‘‘compress” the “lung” to any degree desired, illustrating 
partial or complete collapse, as it is done therapeutically by the admission 
or injection of air through a needle inserted in an intercostal space. 

I believe that the better the average patient (and the family) under- 
stand the general purpose and rationale of a given line of treatment, the 
more intelligently and thoroughly will they be able to codperate, and 
this little toy has amply proved its value in the field for which it was 
designed. 
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A CRITIQUE ON ARTIFICIAL PNEUMOTHORAX IN 
PULMONARY TUBERCULOSIS 


WITH SPECIAL REFERENCE TO MOBILITY OF THE MEDIASTINUM 
HENRY SEWALL 


CONTENTS 


The rationale of therapeutic pneumothorax anticipated by nature 
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Physiological anatomy of the normal thorax 


The parietal pleurae and the mediastinum. 

The physical structure of the lung and its correlated activities, 
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Normal cohesion between the pleurae. 

Pulmonary atelectasis 

Emphysema 

Interstitial emphysema of the lung 

Pulmonary emphysema as a function of alveolar elasticity 

The effect of emphysema on the pulmonary circulation 

Vital capacity of the lungs 

The bronchial system as a factor in vital 139 
Costal and diaphragmatic respiration 

Nonmoving surface areas of the lungs 

Relation of pulmonary blood flow to lung volume 


IT 


The physiological mechanics of the chest as modified by artificial pneumothorax 


The mechanics of normal pulmonary ventilation 

Experimental studies on the mediastinum. Flutter of the mediastinum 
Further consideration of the value of animal experimentation 

Effect upon the heart-beat of collapse of the left lung. Heart flop 
Pulsating pleurisy. 


Mediastinal bulging and hernia; pendular motion of the mediastinum in artificial pneumo- 


Pendular motion of the whole mediastinum 

Intrathoracic changes characteristic of prolonged pneumothorax treatment, and reinfla- 
tion of the lung after its termination 

Auscultatory peculiarities in pneumothorax 

Differential diagnosis between closed and open pneumothorax 

Clinical determination of mediastinal mobility. 

Air temperature and barometric pressure as factors in pneumothorax 
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Intrapleural pressures in closed artificial pneumothorax 

Effect of posture on intrapleural pressure. 

Calibre of the needle a factor in the manometer record 

Dangers of artificial pneumothorax; heart-failure 

Spontaneous “small” pneumothorax. 

Optimum pressures and optimum inflations in artificial pneumothorax 

Methods of actual practice. Partial or selective collapse of the lung................. 177 

Secondary infection of the contralateral lung 

Bilateral pneumothorax 

Further consideration of the relations of pulmonary tensions in tuberculosis 
‘ Doubts on the expediency of partial pneumothorax : 

Apical tuberculosis of the adult. ‘Miners’ consumption” and tuberculosis 


III 


A study of the costal, diaphragmatic and mediastinal respiratory movements in a case of 
severe pulmonary tuberculosis treated by complete collapse of the left lung 


Probably no objective sign in advanced pulmonary tuberculosis has 
such prognostic value as the location of the heart-beat upon the chest- 
wall. When the heart has been translated far to the left or to the right 
of the sternum it is evidence that effective compensation is balancing the 
loss of tissue and checking toxaemia from the more diseased lung, and 
if the contralateral organ be self-sustaining the prognosis may be highly 
favorable. But when, in a case of advanced disease, the heart is found 
in its normal position, with sloppy pulmonary sounds on either side, 
then the prospects of spontaneous recovery are greatly reduced. Nature, 
in fact, has pointed out the rationale of rest for the diseased lung, though 
her method has been to draw the organ together by fibrotic tissue from 
within, while ours, as regards the operation for pneumothorax, is to push 
it together by the pressure of gas from without. 

With this idea as a text, that an understanding of principles is the 
soundest basis for the application of methods, it has been thought expedi- 
ent to review briefly some features of the rapidly developing field of 
respiratory mechanics, in which the student of pulmonary tuberculosis 
must perforce take his exercise. 


I 


PHYSIOLOGICAL ANATOMY OF THE NORMAL THORAX 


1: The Parietal Pleurae and the Mediastinum: It may not be presump- 
tuous to urge a renewed study, through textbook and dissection, of the 
thoracic viscera. Even so, one misses in anatomical drawings a clear 
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delineation of the ramifications of the parietal pleurae, whose reflections 
from the chest-wall in front of the spine and behind the sternum form 
the inner boundaries of the two pleural cavities, and at the same time 
form the side walls of a longitudinal space between the lungs, which we 
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Fic. 1. Schema to indicate the relations of the parietal and visceral layers of the pleural 
sacs and the position of the mediastinal space. 

P: The potential pleural cavity ineachsac. M: The mediastinal space. R. L. and L. L.: 
The cavity of the right and left lung, respectively. J: The trachea. The outlinesof the pleura 
on each side are represented in dotted lines. (From Howell’s Textbook of Physiology.) 


know as the mediastinum. Considerable aid to the imagination in fol- 
owing the course of the pleurae is afforded by stereoscopic pictures such 
as are provided in the Edinburgh Adlas (30). So important is a percep- 
tion of this structure to a comprehension of its clinical relations that John 
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B. Murphy, in his classic oration on Surgery, devoted to it a lengthy in- 
troduction (78). 

The diagram in figure 1 exhibits, in frontal view, the essential relations 
of the parietal and the visceral pleurae, of the potential thoracic cavity 
between them, and the site of the median reflections of the parietal pleurae 
to enclose the space known as the mediastinum. The figure omits the 
vital organs contained within the mediastinum. Our present interest is 
confined to the two sheets of tissue, which we will hereafter know as the 
mediastinal pleurae, which enclose the space on either side as reflections, 
anteriorly and posteriorly from the parietal pleurae. The mediastinal 
pleurae are thin, transparent sheets of fibrous and elastic tissue covered 
with flat epithelium. They are elastic and extremely extensible, capable 
of moving widely to one side or the other with inequality in the lateral 
pressures. In man and in the monkey, the mediastinal pleurae are nor- 
mally air-tight, but in most experimental animals, such as the dog, the 
goat and the rabbit, the extreme extensibility of these membranes and 
their ready perviousness to air render inconclusive deductions drawn 
from experiments on them when lacking rigid verification. Murphy 
(p. 151 (78)) has thoroughly reviewed this subject. 

Yates (131) writes, ‘Cats and dogs, animals of the thin pleura type, 
have mediastinums that are not airtight. Man and monkey, thick of 
pleura, have airtight mediastinums. Unilateral pneumothorax is pos- 
sible in man and monkey and impossible in cats and dogs.” Investiga- 
tors who experiment on dogs should not fail to study the reports of Bruns 
(16) and of Elsberg (32) for valuable hints on physiological anatomy. 

Definite experimental study of the elasticity of the mediastinal pleura, 
even in animals, seems to be lacking. It is probable that the membranes 
are frequently overstretched in various forms of pneumothorax, losing 
their normal power of recoil; but such a condition in the living being prob- 
ably excites a nutritive reaction which alters the physical status of the 
membrane. There is abundant evidence of the thickening and elastic 
changes in the tissue as results of pathological conditions, but we have 
not been able to find any references to lesions, such as tuberculous ulcera- 
tions, which invade the integrity of the mediastinal pleura or cause per- 
foration in its free areas, such as in the visceral pleura so often allow of 
spontaneous pneumothorax. 

It is obvious that the two thin sheets of mediastinal pleura that bisect 
the thoracic cavity must find support against lateral pressure in the 
organs, heart and great blood-vessels, which they cover. We should 
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¢ pect that where this support is lacking inequalities of pressure in the 

o pleural cavities should cause a displacement of the mediastinum in 

unprotected areas toward the side of lesser pressure. 

That this is true was first demonstrated by Nitsch (84) in his famous 

per on the “‘two weak places” in the mediastinum. A clearer descrip- 

n of this whole complicated region, both as to anatomy and physiology, 

ild hardly be desired. A horizontal plane passing through the trachea 

uld divide the mediastinum into two spaces, anterior toward the ster- 

m, posterior toward the spine. The latter contains the aorta and 
» her great vessels, the former the remains of the thymus, lymph nodes 
aid loose connective tissue. If in the human subject the ribs and the 

ig be removed on one side, say the right, the side wall of the medias- 

1um can be seen cephalad to the heart. If, now, through a hollow 
needle air be injected into the left pleural cavity this whole “superior” 
mediastinum is slowly and evenly displaced to the right to a certain 
extent; but with further increase of pressure only the anterior part of the 
mediastinal pleurae, just under the manubrium, continues to stretch and 
may be blown out far to the right, like a rubber balloon. This is the first 
‘weak place” in the mediastinum. 

It is worth noting that, in the dead subject at least, the bulging of the 
weak place does not occur until a certain lateral pressure has been at- 
tained. The heart is said to occupy the middle mediastinum; but be- 
tween the sides of the pericardium and the sternum the mediastinal 
pleurae have, especially in the region of the base of the heart, a consider- 
able free expanse which subjects them to a good deal of displacement. 
As will be seen later, in the dog, owing to the deep setting of the heart, 
the great expanse of mediastinum in this region is of experimental im- 
portance. The second weak place in the mediastinum is in the lower 
posterior portions of the thorax. Here the parietal pleurae wall in a 

tential space which is bounded behind by the spine and descending 

‘ta and in front by the oesophagus and heart. With high relative 

‘ssure in the right pleural cavity the corresponding parietal pleura is 

_ to be pushed across the middle line and between the aorta and oesoph- 

is into the left thorax. When this displacement is due to pleural 

ision it may, it is said, acquire clinical interest in the production of 

»cco’s sign. 

‘his posterior mediastinal displacement is very much rarer than is 
t! .t of the anterior and superior mediastinum. In the human subject, 
a. er removal of the lungs, it is comparatively easy with the finger tips 
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Fic. 2. Lateral view of the mediastinum from the right, as seen through the transparent 
mediastinal pleura after removal of the ribs and lung on the right side. 
A: Heart within pericardium. B: Site of superior mediastinum. C: Root of right lung. 


D: Dorsal spine. E: Diaphragm. F: Site of possible hernia of posterior mediastinum. 
(From a dissection through the courtesy of Professor I. E. Wallin.) 


Fic. 3. View of mediastinum from the left side. From the same preparation as fig. 2. 

A: Heart within the pericardium. B: Site of superior mediastinum. C: Descendi.g 
aorta. D: Oesophagus. It is between C and D that the hernia may protrude from the rig! t, 
while the oesophagus, flattened upon the aorta, resists the opposite passage. 
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to push the right parietal pleura across the midline between the heart 
and spine, but it is less easy to displace the left parietal pleura in the re- 
verse direction. This is because the area of least resistance separating 
thethoracic cavities lies between the aorta and the superimposed oesopha- 
gus which run on the left side of the spine; the flattened oesophagus acts 
like a valve, which resists pressure from left to right but not in the reverse 


Pericardial cavity 
hymus Second costal cartilage 
lat artery valve | Pericardium 
aes. nternal mammary vessels Phreni i 1 
Pleura, mediastinal (red) and pulmonary (blue) | | 
leural cavity | Intercostal muscles 

Root of lung | Serratus anteriox 
Pectoral muscles | Aorta muscle 


\ 


i 
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Left pulmonary artery I] Right pulmonary artery 
| | “Trachea at point of 


Esophagus 
i Gangliated sympathetic trunk 
Endothoracic fascia | | Intervertebral disk (V-VI vert.) 
Thoracic duct Azygos vein 


Fic. 4. Horizontal section through the thorax through the roots of the lungs. The 
arietal and mediastinal p‘eurae are red, and the visceral pleura blue. 
(Modified from Manual of Surgery, U. S. Army.) 


irection. It is said that, while bulging of the posterior mediastinum 
rom right to left is not uncommon, that in the reverse direction is ex- 
eedingly rare. 

These relations are shown in figures 2 and 3, from a preparation made 
x me under the direction of Professor I. E. Wallin. The subject was 
iat of a middle-aged man. The front and part of the lateral walls of the 
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chest were removed, leaving the median sheets of parietal pleurae 7m situ. 
The relations of the superior and anterior mediastinal pleurae are well 
shown, and in figure 3 the oesophagus as lying on the descending aorta, 
although the preservative used on this subject has shrunk the oesophagus 
into a stiff tube. Figure 4 is a schematic view of a cross-section of the 
thorax through the roots of the lungs, showing the relations of the parieta! 
and visceral pleurae. 

In the class of cases commonly subjected to the operation of artificia! 
pneumothorax the mediastinum has usually been so modified in substance 
and fixed by adhesions as to hamper or prevent its natural mobility. 
It is among children, of course, that we should expect the broadest clini- 
cal deviations; as a matter of fact, most authors who have performed pneu- 
mothorax upon young people expressly remark on the wide displacements 
suffered by the mediastinum, as well as by the diaphragm, under intra- 
pleural pressure (4) (6). We can here only suggest the interesting prob- 
lem of mediastinal fixation as a compensation in pulmonary disease. 

It would appear that in the healthy body the mediastinal septum main- 
tains its median position throughout life, though, as will be pointed out 
later, its tension must be rhythmically altered by the up-and-down move- 
ments of the dome of the diaphragm. 


2: The Physical Structure of the Lung and its Correlated Activities: 
The lung is unique as an organ in combining moderate elasticity with 
extraordinary extensibility. The classical labors of William Snow Miller 
on the finer structure of this viscus have given us the anatomical basis 
for these physical properties (71) (72) (73). Among the broad viewpoints 
stressed by Keith (58) is his topographical analysis of the lung into three 
radial areas centering in the hilum, namely, the root zone, an interme- 
diate zone and an outer zone. ‘The latter is composed almost wholly of 
air-cells, andis the most retractile and far the most expansible of the three; 
it has a depth of 2.5 to 3.0cm. ‘The distensibility of any part of the lung 
depends upon the number and size of its infundibula (Keith). The 
middle zone is traversed by the smaller bronchi in a matrix of air-cells, 
and has intermediate expansibility, while the root zone has relativel) 
restricted powers of expansion. The Committee of the National Tubercu 
losis Association appointed to study the chests of normal children hav» 
given (100) a composite view of their X-ray findings, which is reproduce: 
in figure 5 and is a valuable corroboration of Keith’s pronouncement. 

It is fundamental to the understanding of respiratory mechanics t) 
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Fic. 5. Composite diagrammatic roentgenograph of the normal chest of the child, showing 
he three zones of pulmonary extensibility. 
(From Amer, Rev. Tuberc., 1922, vi, 331.) 
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realize that in the normal chest the lungs are stretched and are constantly 
pulling from the periphery toward the root. The force that keeps them 
expanded is the pressure of the atmosphere operating through the trachea 
and the bronchi. If a hole be made in the chest-wall, so that air pene- 
trates between the layers of pleurae, the air-pressure becomes equal out- 
side and inside the lung, and its tissue contracts by virtue of its elasticity. 
The elastic force with which the lung recoils has been measured by a 
number of observers. According to McLeod (70), if a needle connected 
with a mercury manometer be inserted through the chest-wall, in the 
phase of expiration or immediately after death, the manometer will 
register a negative pressure of —5 mm. Hg: “‘on inspiration it increases 
to —10 mm. Hg.”’ Since mercury is about 13.6 times as heavy as water, 
these figures would represent on a water manometer 6.8 cm. and 13.6 
cm. water, respectively. It is the elastic recoil which we really measure 
when we connect a manometer with the intrapleural space. Aron (5) 
gives the intrapleural pressurein the dead human subject as —6 mm. Hg, 
and an average pressure of —7.6 mm. Hg in the living. Puncturing the 
chest of a healthy man in the 6th right intercostal space, his manometer 
readings, in water values, for quiet breathing were: inspiration, — 6.3 cm.; 
expiration, —4.1 cm. Of considerable clinical importance is McLeod’s 
warning (p. 323 (70)), that in inspiratory movements made with the tra- 
chea blocked, so that the lung cannot expand, very great negative intra- 
pleural pressures may be attained, amounting to —70 or —80 mm. Hg. 
Under the opposite condition of expiration with trachea blocked, which 
occurs when the glottis is closed, as in the first stage of coughing, brief 
muscular exertion, defaecation, parturition, etc., ‘the thoracic cage is 
compressed upon the viscera with the result that air in the lungs assumes 
a positive pressure amounting often to nearly 100 mm. (136 cm. H;0).” 
If an opening be then made in the chest-wall the lungs bulge through. 


3: Diversity of Custom among Clinicians in Recording Manometric 
Pressures: It would seem needless to call attention to the elementary 
fact that the manometric pressures referred to above represent the differ- 
ence in level at which the fluid stands in the two limbs of the manometer. 
Yet it seems to be a general, if not universal, habit of clinicians in the 
United States, who perform the operation for artificial pneumothorax, to 
record their manometric values as read from one limb of the manometer 
only. This record represents, of course, but half of the true pressure 
concerned, since the medium in the manometer moves from the zero 
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point as far upward in one limb as downward in the other. It would 
seem worth while if authors, in publishing their manometric readings, 
would state definitely whether they represent true values, that is, the 
difference in fluid level in the two limbs of the manometer, or half values, 
representing the rise or fall from zero in one limb of the instrument. 

We have interrogated, as to their practice in this field, a few scientific 
clinicians of wide experience. Dr. C. D. Parfitt, at Calydor Sanatorium, 
Canada, had himself been disturbed by the current lack of definiteness 
in the literature. It is his personal habit, when performing pneumo- 
thorax, to record the pressures as read from the open limb of the manom- 
eter, but before publication be doubles these figures and expressly 
states that they represent ‘“‘true values.” Parfitt refers to the careless- 
ness among reporters of such observations that is not confined to tyros or 
to any one nationality. 

Professor S. L. Cummins, Chief of the Department of Tuberculosis in 
the National School of Medicine, Cardiff, Wales, reads from zero on one 
limb of the manometer and multiplies the result by two. He has kindly 
gathered for me statements of their methods from leading individual 
physicians of eight sanatoria and hospitals in Wales. 

In two institutions the intrapleural pressures were recorded as read 
from the open limb of the manometer only (half values); in four institu- 
tions the reading from one limb of the manometer was doubled before be- 
ing recorded, thus giving the true pressures; in two cases the reply failed 
to make clear just what method was practised. The well-known phthisiol- 
ogist, W. Parry Morgan, writes that he uniformly records the true pres- 
sure values. Some operators use a manometric scale on which the unit 
is 0.5 cm. instead of 1.0 cm., and thus obtain true readings directly from 
one limb of the manometer. 

Various modifications of the simple U-tube manometer have been de- 
vised, such as that of Parry Morgan, the study of whose design is well 
worth-while, at least as a discipline in understanding. But the practice of 
pneumothorax is, above all, an art which works best when most nearly 
automatic; every complication added to an apparatus carries its burden 
of apology. 

In the present paper such manometric records as are reported represent 
the true pressure values. 


4: Normal Cohesion between the Pleurae: It is well known that per- 
forations of considerable size may be made in the chest-wall and parietal 


Ht 
il 
i 
i! 
ii 
: 
te 
i 
4 
4 


128 HENRY SEWALL 


pleura without collapse of the subjacent lung. This is because the moist 
surfaces of the visceral and parietal pleurae cohkere, without interfering 
with their relative lateral motions. Cohesion between the pleural sur- 
faces is strong enough to. withstand the elastic pull of the lungs. This 
was proved by placing the thorax of an animal within the jar of an air- 
pump; the lungs continued in contact with the chest-wall after exhaustion 
of the air. We cannot here dwell upon the interesting and practical 
relations of cohesion, elasticity and air-pressure, which must determine 
the reactions in any case of mural laceration. 


5: Pulmonary Atelectasis: A curious physiological property of in- 
fundibular tissue, when not regularly inflated, is its tendency to contract 
in situ through absorption of its contained air. The word, atelectasis, 
means imperfect extension; I have, in another place (111), dwelt upon the 
broad clinical relations of the condition. It is referred to here because it 
is an invariable, not to say causal, accompaniment of pneumothorax. 
We cannot dilate on this interesting side-issue further than to observe that 
the evidence indicates that, in the unopened chest, not only is more or 
less lobular collapse of the air-cells a regular concomitant of respiratory 
rest, but that massive collapse, closely simulating in its physical signs 
pneumonic consolidation, is not very rare. Shrinkage of the lung from 
any cause must occasion deviation of the (nonadherent) mediastinum 
and displacement of the heart: toward the same side; not because the con- 
tralateral lung pushes the affected viscus over, but because contraction of 
the latter allows the extensible contralateral lung to expand under atmos- 
pheric pressure within it and fill the vacant space. Thus, Crozer Griffith 
(22) has described a dislocation of the heart toward the side of consolida- 
tion in the case of pneumonia in children. 

In the case of a young woman, to be described later, before inatituting 
a left-sided pneumothorax the apex-beat of the heart could be felt more 
than 5 inches to the left of the midsternal line. Percussion dulness and 
other signs over the left lung led an experienced observer to suspect a 
pleural effusion, with certain adhesions. It developed that the left 
pleural cavity was free from both fluid and adhesions; after the introduc- 
tion of 300 cc. of air the heart-beat could be felt at the right of the ster- 
num, while the intrapleural pressure on the left side was still negative. 
Obviously the patient had manifested massive atelectasis of the left lung 
in those areas not involved in an extensive basal tuberculous lesion. 
Sante has recently called attention to massive collapse and its treatment 


(106). 
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Excellent observers, such as W. Pasteur (93), West (126) (127), and 
Barr (9), have shown what a confusing entity may be presented by mas- 
sive collapse of the lung. Simple atelectasis does not preclude rapid 
reéxpansion and functional restoration of the lung. Investigators agree 
that at least one, and probably the usual, cause of atelectasis is the ob- 
struction of a bronchus, as by a plug of mucus, which allows absorption 
of air from the infundibula supplied by it. 

In his admirable essay on Massive Collapse of the Lung (The Oxford 
Medicine, 1927, ii, 127) Sir John Rose Bradford has emphasized con- 
ditions of its occurrence which were recognized through study of clinical 
material in the Great War. He writes, 


In cases of traumatic origin,. . . . the massive collapse may be homolateral, 
bilateral or contralateral, and this applies equally whether the wound (of the 
chest) be penetrating or nonpenetrating. . . . Massive collapse may be 
partial, lobar, or total in its distribution. 

Complete massive collapse involving one entire lung and of the contralateral 
type, the result of a non-penetrating wound of the chest wall of very slight 
severity, has been observed fully established, within fourteen to sixteen hours 
from the time of wounding. In this instance the soldier walked four miles 
after being wounded. . . . Anesthesia, posture, injury to the diaphragm or its 
nerves, exudation, secretion, or blood in the bronchial tubes can be excluded. 
(P. 129.) 


The data presented irresistibly suggest, as a working hypothesis, that 
the massive collapse in question is the outcome of a physiological-visceral 
reflex, through which a traumatic stimulus, operating on peculiarly 
excited nerve centres, is transformed into bronchoconstrictor or vaso- 
constrictor impulses, or both, in the lung. Prolonged bronchial spasm 
would isolate the alveoli and give the known conditions for atelectasis; 
and relaxation of the spasm at death would prevent postmortem recog- 
nition. It may be that the peripheral organ for the reflex is the “air 
cell-capillary mechanism” as conceived by Yates (134). 

Bradford himself concludes that the massive collapse under considera- 
tion probably depends on a reflex action which, he suspects, results in a 
palsy of the respiratory muscles on the side of collapse. Evidently we 
have here, if but obscurely defined, a clinical-physiological problem of 
surpassing interest. 


6: Emphysema: Derived from the same Greek word, meaning “to 
inflate,” emphysema may connote three or four different clinical events. 
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Following operations upon the chest-wall, with penetration of the costal 
pleura, not infrequently the skin around the opening may be felt to crackle 
under the finger, and this tactile crepitation, with swelling, may spread 
extensively. This is the result of subcutaneous emphysema due to the 
forcing of air into the subcutaneous areolar tissue (or its lymphatics?) 
through the respiratory movements. So far as we know, the exact mecha- 
nism of its production is mere guesswork. Sometimes of alarming propor- 
tions, still no harm need be expected from this subcutaneous emphysema. 

Interstitial emphysema of the lung is due to the escape of air from the 
respiratory channels into the tissue spaces between them, and is a phenom- 
enon of great clinical interest. This may occur either through opera- 
tive trauma or through pathological lesions. As regards the former, it 
must be admitted that since the advent of treatment by pneumothorax 
traumatic laceration of the lung must be exceedingly common. Punc- 
ture of the lung by even the finest needle must mutilate infundibular 
walls, not to say blood-vessels and lymphatics, and the contained air 
must leak into the tissue spaces and even be subject to aspiration by 
the smaller veins and lymphatics. To this point we shall return later. 

If the puncturing needle be large and thrust deeply, obviously bronchial 
vessels of considerable size may be opened. In any case of air leakage, 
we must agree with Hoffmann (p. 365 (49)) that the air from the ruptured 
vesicles and bronchioles collects in bullae, which, urged by the respiratory 
movements, work their way to the root of the lung and enter the medias- 
tinum along the wall of the large bronchi where covered with parietal 
pleura. Figure 4, which represents a cross-section of the thorax through 
the roots of the lungs, shows clearly how this transfer could occur. This 
hypothesis assumes, with reason, that the air within the torn infundibula 
is aspirated into the interstitial spaces during the expansion of the lung in 
inspiration; that in contraction of the lung in expiration the portal of 
exit is obstructed and pressure is brought upon the extruded air, forcing 
it in the direction of least resistance, which is toward the root of the lung, 
where it makes its way under the pleural membrane into the cavity of the 
mediastinum. The mechanism suggests that of “valvular” spontaneous 
pneumothorax, in which air escapes from the open pulmonary lesion into 
the pneumothorax cavity during inspiratory expansion, but is prevented 
from returning in expiration by a valve-like obstruction. Obviously, in 
our case the interstitial space represents the pleural cavity in the 


illustration. 
By a very plausible hypothesis, it seems clear that the fate of air, which 
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leaks into the interstitial tissue spaces of the lung, depends largely, if not 
wholly, on the respiratory movement of the lung. When fairly complete 
collapse of the lung is obtained by artificial pneumothorax the respiratory 
movements of the organ are very limited; moreover, the tissues of the 
shrunken lung must be so packed together as probably to seal traumatic 
lesions and inhibit further leakage of air from the vesicles after the initial 
outburst. But a very different situation arises when, on account of 
pleural adhesions, the lung is wholly or even partially prevented from 
collapsing. In this case the lesion in the air-channels could beheld open 
in the stretched lung and extrusion of air through it favored at every 
inspiration. As noted above, air accumulating in the interstitial tissue 
is inevitably forced by respiratory motion toward the mediastinum. 
Mediastinal emphysema is very frequently referred to in the literature of 
artificial pneumothorax, but, in minor degrees, it must be vastly more 
common, than reported. 

We are indebted to Parfitt and Crombie (91), who describe the occur- 
rence of mediastinal emphysema fifteen times in 9 patients, 8 of whom 
belonged to a group in which, on account of adhesions, no effective col- 
lapse could be obtained. It seems to be a pathognomonic sign of more or 
less advanced mediastinal emphysema that there occurs crepitation under 
the skin at the root of the neck anteriorly, whence the subcutaneous em- 
physema may spread extensively, producing an alarming picture. Even 
so, with meticulous observance of rest, the trouble usually subsides, in 
our experience, within a few days. 

In a case observed by the writer, that of a vigorous young woman who 
had suffered for years from recurrent attacks of bronchial asthma, there 
suddenly developed during the decline of a desperate paroxysm, which 
had lasted several days, typical evidences of mediastinal emphysema. 
Physical signs appeared which denoted the accumulation of air under 
the sternum; these signs soon spread over a large part of the precordia; 
within a few hours the neck began to swell from below upward and be- 
came, seen from the front and sides, a smoothly rounded pillar, which 
crepitated under the touch. Under rigid enforcement of repose, the whole 
trouble cleared up within a week or two. It may be added that later, 
apparently through dietetic measures, the asthmatic seizures ceased; and 
the young woman married and bore children without difficulty, although, 
it is said, the strain of parturition is especially liable to provoke the 
accident of mediastinal emphysema. It is worth noting also that in this 
case the signs of emphysema fol/owed upon a prolonged severe asthmatic 
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seizure, which was not afterward repeated. The query arises whether 
rupture of the pulmonary air-vesicles into the mediastinum does not 
provide for them a safety valve against fatal immobility, and whether in a 
similar case without spontaneous rupture this should be therapeutically 
induced by puncture of infundibula with a fine needle in a favorable 
locality. 

But the result is not always so happy; death may occur after the de- 
velopment of an enormousdegree of superficial and internal emphysema- 
tous swelling, as in a case described by Sercer and Peitié (108): death 
after nine days; the lungs found adherent throughout; the mediastinum, 
anterior and posterior, blown up with gas and the lining of the trachea 
distended with it. 

Dr. I. D. Bronfin has seen two similar fatal cases, in which the emphy- 
sematous swelling involved nearly the whole surface of the body. In 
each instance the disorder had been preceded by needle-punctures in a 
fruitless effort to collapse the lung. In one instance infection with the 
gas bacillus was excluded. 

From what has been said it is obvious that the mediastinum, where 
unoccupied by its contained viscera, forms a receptable and a channel 
of exit from the chest for air which has escaped into the interstitial tissue 
of the lungs. Mediastinal emphysema is an extravascular phenomenon, 
but it is not irrelevant to mention that this interpleural space is a prin- 
cipal conduit for the drainage vessels of the body. 

Cunningham (23) has shown that not only fluids but particulate matter 
may enter those lymphatics from the abdominal cavity that collect to 
form the thoracic duct which traverses the length of the mediastinum. 

Fluids also are absorbed from the pleural cavity and, when colored, 
have been detected in the anterior mediastinal lymph nodes, though, it 
may be said, some observers maintain that the major absorption from 
both cavities takes place by way of the blood-vessels. 

As will be pointed out later, degenerative rupture of the pulmonary 
alveoli is a common phenomenon. Miller (72) (73) has portrayed from 
actual specimens the genesis of emphysematous “blebs” due to rupture of 
air-cells at the surface of the lung. The air, thus set free, in direct con- 
tact with the visceral pleura penetrates the latter and also dissects it 
away from the surface of the lung for a greater or less area. ‘‘A ‘bulla’ 
is due to a vesicular emphysema situated within the lung and, though it 
often projects beyond the surface of the lung, is covered by an intact 
pleura.” 
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Except for difference in a descriptive name this would seem to be the 
proper place to refer to the remarkable monograph by Barlow and 
Thompson (7) on Small Pneumothorax in Tuberculosis. They write, 


At the site of a recent small pneumothorax will be found an area of pleural 
surface completely surrounded by adhesions (p. 28). . . . As soon as the collapse 
produced by the pneumothorax has permitted healing of the tear the pneumo- 
thorax becomes closed and there is absorption of air from the pocket (p. 35). 


They consider “‘mediastinal’’ pneumothorax to occur in practically all 
cases of clinical tuberculosis and to endure by reason of lack of pulmonary 
adhesions (p. 37). Its presence may be the most delicate sign of active 
tuberculosis. Obviously the authors refer here to collection of air be- 
tween the median face of the lung and the mediastinal pleura, and not, as 
we, in our discussion of mediastinal emphysema, to air within the medias- 
tinum itself. We will return to this subject later (p. 174). 


7: Pulmonary Emphysema as a Function of Alveolar Elasticity: We 
now come to the nub of our discussion, pulmonary or alveolar emphysema. 
The extensibility of the lungs is such that, if removed from the body and 
blown up, they may be enlarged to a volume far greater than they ever 
attain within the chest, and, when the air-pressure is relaxed, their elastic 
recoil reduces them to small compass. But in pathological vesicular em- 
physema the excised lung remains distended in whole or in part. It has 
lost the elasticity which is a fundamental property in its functional move- 
ments and necessary to adequate aeration of the blood. 

It is important to consider in every specific case whether overdisten- 
tion is associated with loss of pulmonary elasticity. Whenever there is 
a locus of condensation in a lung the surrounding contiguous air-cells 
become dilated. Nature is nowhere more meticulous in avoidance of a 
vacuum. 

When, through cirrhosis, one lung is reduced to, say, one-third its 
normal volume, the mediastinum is deviated toward that side and the 
sound lung enlarges to fill the vacancy thus left. This is called compen- 
satory emphysema. If the compensating lung retains its normal elasti- 
city, manifested by a constant intrinsic tendency to contract, physiologi- 
cal processes may proceed undisturbed. If, on the contrary, the over- 
stretched lung loses its power of elastic recoil, respiratory gas-exchange 
must be correspondingly impeded. ‘The literature is replete with obser- 
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vations on “compensatory emphysema” with no hint as to the useful 
factor of elastic recoil. 

The word emphysema does not distinguish between pulmonary hyper- 
trophy, with preservation of the elastic quality of the tissue, and patho- 
logical overstretching with loss of elasticity. Yates has shown experi- 
mentally, on dogs and sheep, the ready production of extensive emphysema 
in the normal lung. He inserted (133) within the closed thorax a 
rubber balloon between the lobes of a lung; on inflation of the bag any 
desired volume of the lung was thrown out of commission, to which there 
was a rapid physiological response of the uncompressed organ by the 
development of compensatory emphysema. He writes, 


Compensatory emphysema occurs with internal and external pulmonary defla- 
tion, collapse and compression, either abrupt or gradual. . . . Compensatory 
emphysema is a purposeful biologic response to pulmonary deflation, collapse 
and compression, which provides margins of safety in external respiration (p. 
276). 


The lung, in short, is an erectile tissue which is expanded by the blood- 
pressure within its vessels. Yates holds that when a pulmonary area is 
compressed in any way its contained blood is diverted to channels of less 
resistance. “Excess blood, acting through the air cell-capillary mecha- 
nism, causes compensatory physiologic emphysema (134).” We must 
discriminate between the author’s demonstrated facts and the theory 
he propounds to explain them. 

Our conception of the physical properties of pulmonary tissues must be 
founded on experimental studies, somewhat similar to those described by 
Hirakawa (47) on the recently excised lungs of the mouse. Volumetric 
changes of the lungs under different internal air-pressures were deter- 
mined, as well as the completeness of return to the original volume after 
removal of the pressure. The air-pressures were regulated by the eleva- 
tion of a reservoir of mercury, the air above which was connected through 
a tube with the trachea. A slight initial resistance was offered by the 
lung to the distending force; this resistance diminished with the onset of 
fatigue in the preparation. After removal of a given distending force 
the lungs at first recovered perfectly their original volume; but with 
repetition of distentions the recovery became less and less complete, 
though it was favored by rest. The application of a slight distending 
force (3.5 mm. Hg) was followed by a rapid primary distention for one 
minute, succeeded by a progressively slower distention for twenty minutes, 
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original volume. 

A rubber bag, replacing the lungs and treated in the same way, showed 
an increase in volume strictly proportional to the distending force, and, 
when this was removed, a steady and rapid return to practically the origi- 
nal volume. ‘Thus, in experiments, during which there could be no ques- 
tion of atrophy, it was found that repeated distention of the pulmonary 


tissues in the mouse by pressures whose maximum was 20 mm. Hg,,. 


there was a gradual loss of elasticity, with an increase of “plasticity,” 
under which the lungs assumed and maintained progressively greater 
volumes. These results seem to clarify our postmortem findings; but it 
is important to remember that a striking degree of emphysematous dis- 
tention in the excised lung may be consistent with preservation during 
life of quite adequate recoil through the limited range of movement in- 
volved in the flow of ‘‘tidal’’ air, if not, indeed, of full vital capacity. 
It must be observed that the conditions of Hirakawa’s experiments 
were radically different from those that obtain 7m vivo. He caused the 
lungs to expand by augmenting the air-pressure from within. In life the 
intrapulmonary pressure, with open glottis and with chest at rest, is con- 
stant; it is the diminution of pressure outside the lung which causes its 
expansion, and determines the site of initial emphysema along the free 
margins, where, with inspiration, potential pleural spaces most markedly 
increase. 


8: The Effect of Emphysema on the Pulmonary Circulation: We may 
here anticipate our discussion of the circulatory changes within the 
lung that is subjected to pneumothorax by a reference to clinical observa- 
tions by Blumgart and Weiss (13) on the velocity of blood-flow in cases 
presenting either auricular fibrillation or vesicular emphysema. These 
authors determined the velocity of blood-flow in patients by injecting an 
active deposit of radium into the cubital vein of one arm and recovering 
it from the artery at the elbow of the other arm. In 50 normal persons 
the average time of transit from elbow to elbow was 18 seconds. ‘In 
a given individual, successive determinations with varied amounts 
always checked within three seconds.” In patients with auricular 
fibrillation there was a prolongation of circulation time of from 75 to 
300 per cent above the extreme limits of normal. 

In a group of 9 patients with clinical signs of emphysema, and with 
more or less bronchitis in some cases, the circulation times were all within 


when the pressure was removed, and a very incomplete return toward the 
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normal limits. ‘In certain patients, particularly elderly subjects with 
conspicuous arteriosclerosis who had had clinical emphysema for many 
years, a moderate, though definite retardation of the blood-flow was 
observed.” The significance of these findings may be clearer later. 

In concluding this section we would emphasize that atelectatic col- 
lapse and compensatory dilatation of the air-cells are complementary 
and normal phenomena. They imitate and share in various pathologi- 
cal conditions. In the first case, the percussion dulness may suggest the 
consolidation, and the transient crackling with deep inspiration may simu- 
late the crepitant rales of lobar pneumonia. In the second case, hyper- 
resonance limited to one lung should suggest its overexpansion and devia- 
tion of the mediastinum to the opposite side; similar signs limited to one 
lobe should suggest, at least, shrinkage of the adjoining lobe on the same 
side. 

After bronchial occlusion from any cause absorption of air from the 
infundibula concerned begins at once, and in a comparatively short time 
complete atelectatic collapse of the terminal air-cells supervenes. 

In pathological vesicular emphysema and in some cases of prolonged 


bronchial spasm, atelectasis does not occur because the alveolar walls 
have lost their elasticity. 


9: Vital Capacity of the Lungs: The vital capacity of the lungs was laid 
down in the pioneer work of Hutchinson (54) as the most fundamental 
factor of respiratory mechanics. Its measure is the quantity of air ex- 
pelled from the lungs by a deep expiration which was preceded by a deep 
inspiration. 

The subject remained of little more than academic interest for near 
three-quarters of a century before the development of aviation in the late 
war, and especially until Francis W. Peabody and his associates (95) 
(96) began the investigation of its clinical relations. Obviously, the 
assault made by artificial pneumothorax upon the vital capacity demands 
serious consideration, though we can give it but passing attention here. 
Dreyer and Burrell (25) report that in the war the British Air Forces 
used the vital-capacity test as a routine measure in the determination of 
the fitness of a recruit for aviation; but in selecting their standards they 
pursued the practical policy of taking the average of the vital capacities 
of a number of pilots of known efficiency; the size and weight of the candi- 
date were disregarded. In the official volume (2) on the medical aspects 
of aviation published by the U. S. Government, we find among the elabo- 
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rate tests for the physical fitness of fliers no mention of ‘“‘vital capacity,” 
except that under the head of Chest Measurement there is the meagre 
statement that, “It has transpired that a low vital capacity. . . . is 
undesirable in aviation. This may be roughly estimated by an expan- 
sion of not less than 3 inches in an individual of average size.” (P. 79.) 

Myers (82) is convinced that “‘serial”” measurements of the vital capac- 
ity give valuable diagnostic and prognostic information of the condition 
of the subject when pulmonary disease is suspected; he recommends that 
the test be included in every physical examination. In a helpful mono- 
graph Myers has condensed the history and the clinical application, es- 
pecially as regards pulmonary tuberculosis, of studies on the vital capac- 
ity of the lungs (83). He quotes Hutchinson’s four conditions on which 
the vital capacity of any individual depends, namely, height, weight, age 
and disease. No mention is made of training, which the present writer 
considers very important. 

Myers points out that the vital capacity of a patient is not a simple 
question of functioning pulmonary volume, but is largely dependent on 
conditions of general toxaemia; thus, “‘in pneumonia it has been found that 
the reduction in vital capacity is not proportionate to the extent of in- 
volvement . . . inone witha small area of involvement there may be a 
vital capacity reduction as great as in another with consolidation of one 
or more entire lobes.” (P. 67.) 

Stivelman and Bendove (118), after study of 377 patients, note among 
other conclusions, that 


Serial spirometry shows, (a), that those who have a stationary or a persistently 
increasing vital capacity do very well under sanatorium care; (b), that those 
who have a fluctuating or a persistently decreasing vital capacity do poorly 
as a rule, and, (c), that the reduction in vital capacity due to complications is not 
necessarily of unfavorable prognostic import. 


Bendove (11) investigated the modifications of vital capacity during the 
course of treatments and concluded that the study may give valuable 
information concerning the respiratory restitution of the lungs, serve as 
an index of the optimum amount of gas to be insufflated, and may be ‘‘used 
as an additional criterion in prognosticating the success or failure of the 
therapy.” 

Dumarest and Delong (27) studied the variations in vital capacity 
succeeding the induction of artificial pneumothorax. There is at first a 
rapid fall in the volume of air expelled, which may be reduced to three- 
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quarters of the original capacity, but this is later overcompensated, and 
they make the curious observation that, ““When the normal frequency 
(of breathing) is reéstablished, the respiratory capacity in normal breath- 
ing is greater than it was before pneumothorax . . . These results 
agree with laboratory findings which show that pneumothorax increases 
pulmonary exchange. Recuperation may be very rapid (14 days) or 
slow.”” Young people show best compensation. It should be noted that 
these observations seem to concern the volume of tidal air and not the ex- 
treme quantity expelled in forced breathing. These results bear di- 
rectly on the discussion of ‘‘compensatory emphysema’ in the preceding 
section; they indicate that such pulmonary hypertrophy may occur 
without loss of the normal elasticity and extensibility of the lung. 

The writer must differ, albeit on theoretical grounds, with those who 
would establish the determination of vital capacity as a routine adjunct 
in the treatment of pulmonary tuberculosis, at least in an acute stage. 
Patients have suffered much from our zeal for mechanical exactness in 
diagnosis through measures which abrogate the one great achievement in 
modern therapeutics,—the value of rest. As pointed out by Myers 
and others, it would seem that a favorable field for the use of vital-capacity 
estimations is in the study of the large class of tuberculosis suspecis; 
for when in a young person the vital capacity increases with the body- 
weight over a period of many months, it is an excellent prognostic sign. 
It is the opinion of Dr. I. D. Bronfin that the condition of the heart is of 
great importance in spirometry. 

But we must, perhaps, look to the surgeon who operates upon the tho- 
rax for the most definite and practical development of our knowledge of 
the true meaning of vital capacity. In this, as in no other field, it is 
demonstrated that the fundamental basis of surgery is in physiology. 
Yates, (p. 263 (133)) stresses the importance of determinations of vital 
capacity preliminary, especially, to operations upon the thorax. His 
theory, first announced by the late E. K. Dunham, as we understand it, 
that dilatation of the air-cells of the lung is dependent on the blood- 
pressure within the surrounding network of pulmonary capillaries, has 
at least the useful effect of stimulating inquiry. He writes, 


The interrelationships between the volumes of ventilated air, the area of 
alveolar epithelium and amounts of blood needing aeration must remain con- 
stant although they are constantly fluctuating with each breathing cycle and 
with variations in the activities of the individual. . . . Vital capacity meas- 
ures external respiration, which is largely under control of the “air cell- 
capillary gear.” 
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He believes that this “gear’’ is the peripheral governor that supplements 
the controls of breathing and circulatory units by the central nervous 
system. 


10: The Bronchial System as a Factor in Vital Capacity: The bronchial 
tree itself is by no means to be neglected in studies of vital capacity. The 
writer has seen a woman who died after suffering many weeks from 
bronchial asthma. When the chest was opened the lungs remained 
blown up as if from the deepest inspiration. There must have been 
general spastic closure of the bronchioles. Bullowa and Gottlieb (17) 
report experiments on dogs in which they found “synchronous with res- 
piration a bellows-like expansion and contraction of trachea and bron- 
chi,’ which they thought was produced by costal breathing, and they 
suspect that, “suppression of this bellows-like action when movements 
of the ribs are limited may have deleterious effects. It seems possible to 
infer from our observations that the spastic contraction of the bronchus 
is as important in limiting the expansibility of the lung as it is in diminish- 
ing the calibre of the bronchi.” 

C. C. Macklin (65) has made a careful comparison of X-ray negatives 
of the normal human thorax taken successively in the phases of deep 
inspiration and deep expiration. He found, as will be confirmed later, 
evidence of a notable movement of the roots of the lungs, downward with 
inspiration and upward with expiration. Correlated with the former 
“there is an elongation of the trunk and all of the branches of the bron- 
chial tree, and a corresponding shortening in expiration. The bronchi 
were found to undergo inspiratory dilatation and expiratory narrowing.”’ 
The linear changes in the bronchi were found to be due to the peculiar 
structure of these tubes, “particularly in respect of the membrane of 
longitudinally coursing elastic fibres . . . . With a rigid bronchial 
tree respiration would be impossible.” 

In his well-known treatise on bronchoscopy (p. 65 (56)) Chevalier 
Jackson writes 


The normal movements of the trachea and bronchi are respiratory, bechic and 
deglutitory. The two former are rhythmic while the two latter are inter- 
mittently noted during bronchoscopy. It is readily observed, bronchosco- 
Pically, that the bronchi elongate and expand during inspiration while 
during expiration they shorten and contract. 


Such considerations, as a whole, seem important in view of our frequent 
application of restraint to respiratory movements by chest-belts, etc. 
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In addition to the foregoing movements, according to Bullowa and Gott- 
lieb, the bronchi manifest another in the form of a “‘long peristaltic wave 
which seems to be a potent factor in the evacuation of the bronchi and 
trachea;” the wave travels from the periphery. 


11: Costal and Diaphragmatic Respiration: There is much to learn of 
the respective respiratory relations of the bony thorax and diaphragm. 
Keith (58) has submitted this problem to a profound discussion. On 
theoretical grounds he ascribes to the independent piston-like movement 
of the diaphragm a far greater power of ventilation than is possessed by 
the ribs. Long ago, the writer (109) investigated this question in the 
human subject and came to opposite conclusions, which were subsequently 
confirmed. Voluntary isolated innervation of the two sets of respiratory 
muscles is difficult, if not impossible. ‘a 

Dr. James J. Waring and the writer have recently studied a female 
patient, aged twenty-one, from this viewpoint under the fluoroscopic 
screen. When she was told to breathe deeply by contraction of the 
diaphragm only, no movement of the ribs could be detected; but all 
endeavors to voluntarily inhibit diaphragmatic motion failed; when 
the patient was directed to breathe wholly by rib motion, there were 
still slight codrdinated movements of the diaphragm, amounting, per- 
haps, to one-quarter of the normal amplitude. 


12: Nonmoving Surface Areas of the Lungs: In the suggestive paper 
of Keith’s (58) are numerous observations which deserve reconsideration 
with the aid of roentgenographic technique. The author writes, 


Of the five areas on the surface of the human lung, three are in contact with 
stationary parts of the thoracic wall and therefore cannot be directly expanded. 
These three pulmonary surfaces are, 1, the mediastinal, in contact with the 
pericardium and structures of the mediastinum (this statement will be modified 
later p. 194); 2, the dorsal surface, in contact with the spinal column and with 
spinal segments of the ribs; 3, the apical surface, the pulmonary area lying in 
contact with Sibson’s fascia at the root of the neck. . . . The two surfaces 
of the lung which are directly expanded are the diaphragmatic and the ventro- 
lateral or sterno-costal. (P. 187.) 


These observations are worth noting in view of the emphasis now laid on 
pulmonary motion in tuberculosis, especially when we consider that the 
operation of pneumothorax introduces often wholly new movements in, 
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at least, the mediastinal area. This subject will be resumed more defi- 
nitely later in discussing our original observations. 


13: Relation of Pulmonary Blood-Flow to Lung Volume: The inevitable 
a priort conception is an unsafe guide in estimating the effect of collapse 
of the lung on its blood supply. A rather extensive literature expresses 
a variety of conclusions on this subject. Reference has already been 
made (13) to experimental observations upon clinical cases of chronic 
vesicular emphysema, in which it was shown that the circulation time of 
radioactive substance through the lungs was often normal. It is to be 
suspected that the vesicular dilatation must impede or abrogate the 
circulation in the involved capillary networks. But when we con- 
sider that the emphysema could not have been universal, and that a 
given particle in the blood might have been short-circuited from periph- 
eral to central channels, we realize the difficulty of obtaining crucial 
evidence from clinical observations. The elaborate experimental work 
of Cloetta (20), often quoted but apparently seldom studied, sought 
to determine the amount of blood which passed through the lung in 
unit time during different stages of its expansion. The mechanism 
studied was usually the right lung, or both lungs, of a cat. After suffici- 
ent removal of the chest-wall in the anaesthetized animal, the lung was 
enclosed, air-tight, in a glass plethysmograph of appropriate shape. On 
withdrawing air from the glass vessel the lung, or lungs, could be brought 
from a stage of complete collapse to any state of expansion, and held 
fixed therein. The arterial blood-pressure was registered by a manom- 
eter connected with the left carotid, and the pulsations of the right ven- 
tricle were recorded through a sound introduced into it. 

Cloetta found, both in the dog and cat, that when the lungs were col- 
lapsed the right ventricle beat with greater amplitude and the carotid 
blood-pressure remained unchanged; when the lungs, under negative 
pressure, were expanded to an inspiratory volume, the pulsations of the 
right heart were reduced in amplitude and the arterial blood-pressure im- 
mediately fell to a notable extent. From these results he drew the con- 
clusion that collapse of the lung offers more favorable conditions for its 
circulation than its inspiratory expansion. But, obviously, another 
interpretation could be given to these findings; namely, the excessive 
vigor of the right heart-beat during pulmonary collapse is clear indication 
of added resistance to its emptying; such a reaction to increased 
resistance was, perhaps, first demonstrated by H. Newell Martin (67) 


1 
ii 
al 
i 
r 
h 
d 
h 
25 
0- 4 
yn 
e 
n, 


142 HENRY SEWALL 


on the isolated mammalian heart. The maintainance of level in the ar- 
terial pressure, found by Cloetta at the same time, might simply mean 
that the increased vigor of the right heart was ample to complete the 
pulmonary circulation. On the other hand, when the lung was expanded 
under negative pressure we should expect a fall in carotid blood-pressure 
if new blood-paths were unfolded in the lungs, and, at the same time, the 
right heart would beat with less vigor by reason of reduced peripheral 
resistance. As a matter of fact, Cloetta’s tracings (from the dog) which 
show a speedy fall in arterial pressure early during arterial expansion 
also show a slow return of pressure toward normal during the brief pe- 
riod, less than forty seconds, while the pulmonary expansion was main- 
tained. After attacking the problem from several different directions, 
which cannot here be reviewed, Cloetta is silent on the circulatory con- 
ditions in the wholly collapsed lung, but interprets his combined results 
as indicating “‘that the circulation (Durchbluiung) of the lung in the phase 
of expiration is better than in its inspiratory expansion with air (p. 442).” 

After scores of investigations directed to this problem by various 
experimenters, Dock and Harrison (24) could say in 1925, “We have 
found no experimental or clinical evidence on the actual proportion of 
blood passing through the collapsed lung.” (P. 534.) These authors 
have rightly emphasized one basis of discrepancy between various ob- 
servers. In their experiments on rabbits they declare, “Calculation 
shows that within the first few hours after injecting air into a pleural 
cavity, 52 to 58 per cent of the total (blood) flow passes through the com- 
pressed (right) lung. Within three days this proportion falls to 9 to 18 
per cent of the total volume flow.” (P 538.) These results (they say) 
explain the discrepancy between Bruns (16) and Cloetta (20), ‘“‘since the 
latter found an increase in the amount of blood contained in the col- 
lapsed lung in immediate experiments, the former a decrease in animals 
with sustained pneumothorax.”’ 

We may here point out the composite conclusions of investigators that 
the recently collapsed lung, under atmospheric pressure, still contains 
considerable air, but that after very few hours in this state the air is 
absorbed and the resulting atelectasis becomes more and more fixed; 
the development of fibroid tissue is initiated and may proceed until 
complete reéxpansion of the lung is impossible. Of course the quantita- 
tive relations of these changes are much modified by the special physical 
conditions secured during a course of artificial pneumothorax. Bruns 
(p. 20 (16)) points out that in his animal experiments it was usually pos- 
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sible to secure atelectasis of the collapsed lung in the rabbit, but that this 
result never appeared itt the dog because the extreme extensibility of the 
mediastinum in this animal prevents respiratory quiescence of the col- 
lapsed lung. We will point out later that in the human patient atelecta- 
sis, as evidenced by lack of inspiratory expansion in the collapsed lung, 
progressed in spite of considerable respiratory lateral movements of the 
mediastinum. Bruns concludes from his experiments that within a few 
seconds of its collapse the quantity of blood in the collapsed lung is 
measurably less than in the normal lung, and that this quantity decreases 
according to the duration of the collapse and the compression to which 
the lung is subjected (p. 28). According to Bruns (p. 31), the beneficial 
effect of artificial pneumothorax in man is due, not only to the promotion 
of healing in the diseased lung by rest, but also the resulting atelectasis 
leads to the development of connective tissue in the pulmonic tissue and 
encapsulation of the tuberculous foci. We must not overlook the possi- 
bility of passive hyperaemia being an important aid to cure in certain 
degrees of pulmonary collapse. 

Hamman and Sloan (45) have described and, as said, Bruns and 
others have worked out, the tissue changes in the therapeutically collap- 
sed lung: 


The most striking change is the extreme fibrous tissue formation. This has 
been noted in every instance and occurs in a degree never observed under other 
conditions. . . . Histologically Bruns finds, in experimental animals, that in 
spite of long standing atelectasis, the alveolar walls, though pressed together, 
display no tendency to adhere. The epithelium remains intact and the lungs 
may, at any time, be successfully reinflated. 


As will be pointed out later, atelectasis in a tuberculous lung is attended 
by a fibrosis not paralleled in normal tissue. 

Von Muralt (81) discusses at length the pathological changes in the 
collapsed lung (of pneumothorax), and especially calls attention to the 
occasional dilatation of its lymph-vessels in the perivascular connective 
tissue and accumulation of carbonaceous pigment therein (p. 16). 

After all is said, we see no reason for rejecting the conclusions of the 
physiologist, Tigerstedt (120), after summarizing the whole literature, 
“that it may be finally concluded that the lung vessels during normal 
inspiration dilate and by normal expiration are narrowed.” 
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II 


THE PHYSIOLOGICAL MECHANICS OF THE CHEST AS ALTERED 
BY ARTIFICIAL PNEUMOTHORAX 


1: The Mechanics of Normal Pulmonary Ventilation: No clear com- 
prehension of respiratory mechanics, as affected by pneumothorax, is 
possible except as founded on the explanation of functional pulmonary 
movements in normal life. We therefore venture to represent in a dia- 


- 


Fic. 6. Artificial schema of pulmonary ventilation. 
L: Relaxed lung. E and e: Lung and diaphragm in phase of expiration. J and i: 


Lung and diaphragm in inspiration. 


gram a crude scheme of respiratory mechanics which is familiar to the 
student of physiology (figure 6). 

The glass cylinder J represents the thorax. Its open bottom is closed 
by a sheet of thick rubber dam, which serves as the diaphragm. The 
neck cylinder is closed by a tight stopper, which is perforated to transmit 
two tubes; the larger of these is the trachea, and tied round its lower end 
is a collapsed rubber balloon, representing the lung. The smaller tube 
is wholly artificial; its outer end is connected with a short rubber tube, 
which can be closed by a spring clamp. When this clamp is off, the 
pressures of the air within the rubber lung, L, and outside it, are both 
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:tmospheric, and balance each other; therefore the rubber lung takes the 
orm determined by its own elasticity. 

Through the tube, air can be sucked out of the glass thorax and pre- 
‘ented from reéntering by the spring clamp. ‘The aspiration of air has 
lestroyed the balance of pressure on the two sides of the lung-wall; that 
vall, being extensible, yields to the greater pressure within and expands; 
he more it expands the greater is the force of its elastic recoil, but the 
mount of expansion is quite definite; it continues until the force of elastic 
ecoil in the lung is exactly equal to the difference between the air-pres- 
sures inside and outside the stretched bag. 

The pressure within the lung-bag, LZ, remains equal to that of the at- 
nosphere: call it A; suppose the pressure within the thorax outside the 
ung has been reduced until the lung expands to the size of the dotted 
circle, E; then we can express the situation in a formula, A = E + a, 
in which A is the constant atmospheric pressure, E is the elastic recoil of 
the lung and a is the lessened air-pressure left in the thorax by the aspira- 
tion. It is obvious that the greater a is the smaller must be E, the more 
relaxed the lung, and vice versa. But while air was being aspirated from 
the glass thorax the flexible diaphragm, was responding to the atmos- 


pheric pressure on its under side, and when the very extensible lung has 


taken the position E the diaphragm has projected into the thoracic cav- 
ity, as represented by the dotted line e. A knob has been attached to 
the centre of the diaphragm, and, taking hold of it, one can pull it down to 
the plane of the solid line, 7; but simultaneously the lung will expand from 
the volume E to that of J, because the descent of the diaphragm has still 


more reduced the intrathoracic pressure from the value a to something 
less, call it a’. Our formula can be modified to represent these conditions: 


| = I +a’. This manipulation of the diaphragm represents the res- 


piratory motions whose purpose is to change the potential intrathoracic 


‘r intrapleural) pressure. The reliability of the formula presented 
ssumes, of course, that the cohesion between the pleurae on the side of 
neumothorax has first been completely overcome. 

We gather from the foregoing that the normal lung itself is an active 


sent in the respiratory movements only during the phase of expiration. 


y virtue of its elasticity it is always trying to contract. 

Yet medical literature is bespattered with implications that the lung 
tually pushes outside obstacles by some inherent power; the lung of 
self pushes nothing. 

Anyone can understand the simple equation by which it has been shown 
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that the volume of the lung, as represented in our diagram, is rigidly 
determined by the relations of the atmospheric pressure within, th: 
reduced air-pressure without, and the elastic properties of the membran: 
separating them. When we consider the actual double thoracic cavity 
with its resilient partition, the mediastinum, subtended on either side by 
the more or less independent elastic cusps of the diaphragm, the problen 
becomes more complicated, but its principles remain the same; and thi: 
is important to realize, for, as we shall find, opposite effects may b: 
produced by quantitative variation of the factors involved in our equation 

It is well worth while in this connection to study the ingenious diagram: 
(figures 7, 8, 9) borrowed from von Muralt’s fine monograph (81). Th: 


Fics. 7, 8 AND 9 
(After Ludwig von Muralt, courtesy of Julius Springer, Berlin) 


Fig. 7. Closed pneumothorax with negative pressure. 

Fig. 8. Closed pneumothorax with high positive pressure. (Kienbiéck positive.) 

Fig. 9. Wide-open external pneumothorax. Resting position in black; inspiration in blue; 
expiration in red; normal position of diaphragm shown by broken line. 


pictures, of course, represent ideal conditions. Figure 7 represents the 
intrathoracic displacements in ordinary therapeutic pneumothorax of, 
say, the left side, uncomplicated by adhesions. The mean pressure main- 
tained in the pneumothorax cavity is negative, below that of the atmos- 
phere. When the patient is in repose, the left cusp of the diaphragm is 
somewhat flattened, and the collapsed lung occupies a median positio 
between slight inspiratory expansion and expiratory contraction. Also, 
in repose, the borders of the mediastinum are displaced away from th 
side of collapse, with their convexity infringing on the normal lun; 
With respiration there is little change in the relative movements of th 
diaphragmatic cusps; but in inspiration the mediastinum is represented « 
curving markedly toward the pneumothorax cavity and in expiratio 
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toward the normal lung. In our own observations the mediastinum 
has appeared, in inspiration, to return only within the shadow of the 
spine, while in expiration it may traverse more than half the normal 
diameter of the lung. 

In figure 8 are portrayed changes due to a positive mean intrapleural 
pressure. It will be noted that the compression of the lung permits of 
no respiratory movement. In its passive state the diaphragm is curved 
downward, and in inspiration it rises and in expiration descends. This 
so called Kienbéck’s phenomenon, or paradoxical movement, is said to be 
commonly seen after phrenicotomy; after this operation the side of the 
diaphragm affected behaves like a sheet of elastic tissue, controlled by the 
respective pressures above and belowit. Interesting light is thrown upon 
the mechanics of the chest by figure9. Here a large opening to the outer 
air is represented as in the left chest-wall. The mean left intrapleural 
pressure is that of the atmosphere. With inspiration the flexible part of 
the mediastinal septum is curved far toward the contralateral lung, and 
in expiration it is blown into the pneumothorax cavity: both motions, 
be it noted, are in opposite directions to those found in closed pneumo- 
thorax in similar phases of respiration. Moreover, during inspiration 
the air finds less resistance in entering the left pleural cavity through the 
open chest-wall, and in passing from one main bronchus to the other, 
than it does in traversing the glottis; conversely, in expiration the blast 
of air finds its vent into the collapsed lung and in deviation of the medias- 
tinum in the same direction. Thus the air movement consists in an 
oscillation between the bronchi, as indicated by the colored arrows, and 
asphyxia is the result. An important application of these facts will be 
made later. 

Snyder (114) quotes from the great monograph of Emerson (33) the 
early work of Sehrwald (107), which still leads us after nearly forty years: 


1. The effect on respiration of a unilateral pneumothorax opening externally 
depends not on the absolute size of the opening, but on the relation of its size 
to that of the bronchus of that lung. 2. The second determining factor for 
the ventilation of the sound lung is the nature of the mediastinum; if it is thin 
and distensible each inspiration will aspirate it so much to the good side that it 
hinders the dilation of the lung. 3. For this reason young persons and those 
with a normal mediastinum do not endure pneumothorax so well as those in 
whom the mediastinum has become a thick, stiff membrane. 4. In inspiration 
the descent of the diaphragm stretches the mediastinum and thus aids the 
sound side. 5. In order to force the collapsed lung to take some part in 
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respiration it is well to close the thoracic opening at the end of forced expira- 
tion. 


It must be remembered that Sehrwald wrote long before the days of 
therapeutic pneumothorax, and seems to have known nothing of the 
intrathoracic movements attending a mean negative pressure within the 
closed cavity, as illustrated in figure 7. 

When, as shown in figure 9, the air ineffectually oscillates between the 
lungs, Dwyer (29) showed that a free opening in the trachea, obviating 
the constriction at the glottis, allowed the expiratory blast to emerge from 
the sound lung through the trachea instead of into the collapsed lung. 


2: Experimental Studies on the Mediastinum: In the dog the mediasti- 
nal pleura is exceedingly thin, extensive and extensible, and with the 
animal having wide-open external pneumothorax and lying on its back, 
it is said that the mediastinal pleura may actually touch the contralateral 
chest-wall in inspiration, and the collapsed lung be blown out to protrude 
through the wound in the chest in expiration. _If the lung be seized, as 
described by Murphy, and drawn as a plug for the opening in the chest, 
respiration proceeds as in a closed pneumothorax. Elsberg (32) has 
found that if the dog, which is becoming asphyxiated while lying on its 
back, be turned over into the prone position the animal will recover its 
respiratory function. ‘This is because the heart, which lies deep in the 
chest, is thrown forward against the sternum and puts out of action the 
flapping mediastinal pleura. 

In his notable work on The Surgery of Pulmonary Tuberculosis, Alexan- 
der (3) stresses the well-known danger inherent in the dreaded “‘flutter 
of the mediastinum,” which may attend the modern operation of thora- 
coplasty. Although the pleural cavity is not opened in this procedure, 
the removal of its costal support leaves a considerable area of parietal 
pleura relatively flaccid, like a relaxed drumhead. This pleura sinks 
inward with inspiration and is blown outward in expiration. Appar- 
ently, in such a case we have qualitative conditions for the production of 
such mediastinal and pulmonary respiratory movements as are repre- 
sented in figure 9, where there is a large opening in the chest-wall. 

The “flutter” would involve an invasion of the contralateral side by 
the mediastinum and cramping of the normal lung in inspiration, and 
thus prevent its normal aeration, with tendency toward asphyxia; in 
closed pneumothorax, with the costal framework intact, the mediastinal 
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movements, as has been pointed out, are the exact opposite to those as- 
sumed to occur in flutter; that is, in the former the mediastinum bends 
toward the side of pneumothorax in inspiration, thus assisting aeration 
of the contralateral lung, with the reverse movement in expiration, help- 
ing to empty that lung of foul air. In short, according to these views, the 
mediastinal movement of “‘flutter” tends to asphyxiation; that of closed 
pneumothorax, to aeration. 

It was gratifying to find that apparently precisely this view of the 
significance of mediastinal flutter in thoracoplasty had been entertained 
by Brauer (14) many years before. In postmortem studies of fatalities 
occurring after a thoracoplasty Brauer found in each case that the lung 
opposite the side of operation was exceedingly reduced in volume by 
encroachment of the mediastinum and of thediaphragm. He furthermore 
clearly holds (p. 109) the interpretation of “flutter” as announced above, 
as due to conditions causing the mediastinum to be drawn foward the 
contralateral side in inspiration and to be blown away from it in expiration. 

Dr. Bronfin, at the National Jewish Hospital, Denver, has under charge 
seven patients, thoroughly healed after passing through the ordeal of 
thoracoplasty for relief in tuberculosis. In each case there is slight in- 
spiratory retraction of the unsupported chest-wall on the side of the opera- 
tion. Fluoroscopic examination shows slight inspiratory movement of 
the mediastinum toward the side of operation and away from it in ex- 
piration; that is, wholly similar to the relations of closed pneumothorax 
and opposite to conditions assumed to occur in flutter. 

The basic secret of success in these cases would seem to be enveloped 
in fixation of the mediastinum on the one hand and comparative rigidity 
of the side of operation on the other. 


3: Further Consideration of the Value of Animal Experimentation: 
It would seem that the varied problems that beset the student of tho- 
racic mechanics should find an easy solution in the field of animal experi- 
mentation. Indeed, such a path for research is indispensable for the 
uncovering of facts and principles. 

The operation of artificial pneumothorax itself offers unique oppor- 
tunities for the investigation of respiratory mechanics in the human sub- 
ject. But, as already pointed out, the lower animals differ quantitatively 
from us in the physical properties of certain structures, such as the medias- 
tinal pleurae, so that the results gained by experiments on them must be 
scrutinized with preconceived suspicion, if they appear paradoxical when 
tested by principles established in other fields of observation. 
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Graham and Bell (40) state that the opening in the chest-wall, in pneumo- 
thorax, must be somewhat less than the area of the glottis in order 
that air may be inspired into the sound lung (p. 856). It should not be 
necessary to explain again that, in open pneumothorax, as the chest en- 
larges in inspiration, air enters it along the path of least resistance; on 
the one hand is the normal path through the windpipe, leading to disten- 
tion of the lungs; on the other there is the direct passage through the chest- 
wall into the pleural cavity, the resultant from both being conditioned by 
the flexibility of the mediastinum. It is generally conceded that the 
diameter of the artificial opening in the chest-wall finds its safety limit at 
one-half the width of a main bronchus. Graham (41) elaborated mathe- 
matical formulae for the determination of the maximal nonfatal opening 
in the chest-wall, but later modified his conclusions (42). 

It is clear from the viewpoint of pneumatics, as has been repeatedly 
insisted by experimenters like Yates and Graham, that the more flexible 
and movable the mediastinum, the more nearly the reactions of the two 
pleural cavities respond as one when either cavity is subjected to pneu- 
mothorax. Conversely, with a stiff unyielding mediastinal partition, 
the two halves of the thorax acquire a relative independence. It may 
well be suspected that the inevitable mediastinal stiffening, which tends to 
follow operation or disease, has important elements of protection for the 
organism. 

We have implied in a preceding section that the operation of pneumo- 
thorax is performed upon patients who, from a mechanical point of view, 
represent two different orders of beings. In the healthy child, or adult 
without history of pulmonary disease, the mediastinum as a whole, and 
especially its unsupported areas of parietal pleura, is exceedingly respon- 
sive to lateral differences of pressure. When one lung is collapsed the 
mediastinum suffers a mean displacement to the other side with wide 
lateral respiratory oscillations. When, as a result of inflammation, the 
mediastinum becomes fixed, and its membranes thickened or adherent, 
the two thoracic cavities are mechanically divorced. Between these 
limits there are all grades of dissociation. 

Graham and Bell (40) and Graham (41) have tested this thesis experi- 
mentally. They write (p. 871), “. . . . the normal thorax may be 
regarded as one cavity instead of two. Any change of pressure in one 
pleural cavity is accompanied by practically an equal change in the other 
so that an equilibrium of pressure exists at all times throughout the whole 
thorax.” 


4 
i 
i 
f 
i 
if 


CRITIQUE OF ARTIFICIAL PNEUMOTHORAX 151 


We cannot but suspect, on the contrary, that, if the mediastinum were 
fixed in its position of maximum deviation, the contralateral lung would 
behave as if the fixations were in any other plane; that its residual elastic- 
ity, and the intrapleural pressure, would be determined as usual by its 
distention. 

Graham (42) defends his use of the dog for intrathoracic experiments, 
failing to confirm the statements of Murphy and others that there exists 
natural perforation in its mediastinal septum. When, he says, a manom- 
eter is connected with each pleural cavity in a dog and air is pumped 
into one side, the pressures rise part passu and almost equally in the two 
pleural cavities. 

The experiments of Simon (113), on the intrapleural pressures in the 
goat with artificial pneumothorax, tend to confirm those of Graham and 
Bell, but his similar observations on the human patient fail to do so; but 
the results suggest the expediency of further observations. 

Right or wrong, and we would italicize the latter, Graham’s conclu- 
sions have done much for the development of thoracic mechanics by the 
researches they have stimulated. 

Snyder (114) performed on dogs a series of convincing experiments, in 
which, both in the living and dead animal, gas was introduced into one 
pleural cavity under various pressures; skiagrams of the thorax were 
taken immediately thereafter. It was always found that the contrateral 
lung had collapsed approximately to the same extent as that submitted 
to direct pressure. The obvious conclusion was that the dog’s mediasti- 
num readily leaks air when the bilateral pressure is unequal. 

It has been shown that such leakage need not predicate macroscopic 
openings in the mediastinal pleurae, but depends on the exceeding tenu- 
ity of the membrane. Snyder writes, ““A comparison of the stability 
and strength of the structure (the mediastinal pleura) reveals a marked 
difference in dog and man.” The work of Duval (28) led him to conclu- 
sions similar to those of Snyder. We are indebted to Matas (68) for a 
judicial and genial review of this subject. 

It is generally admitted that only in the monkey is the mediastinum 
functionally comparable to that of man under the stress of pneumothorax. 
Yates (131) has studied the bilateral pleural pressures in this animal and 
writes, 


A positive pressure on the left side nearly five times as great as the amount of 
normal negative pressure reduced the right-sided negative pressure by only 
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three-fourths. At the time when the left-sided was atmospheric and equiva- 
lent to an open thorax, the negative pressure on the right side was reduced by 
about one-half and respiration was unembarrassed. 


Inspection of Yates’s figures 5-7 is suggestive; for we find that the 
negative pressure on the contralateral (right) side, after a slight diminu- 
tion immediately following the first introduction of air into the left side, 
steadily maintains its level against a constantly increased left-sided intra- 
pleural pressure, up to a certain value for the latter, when suddenly the 
negativity of the right-side pressure is greatly reduced; the obvious ex- 
planation is that the mediastinum has either ruptured or quickly yielded 
to the stretching force. 

The student in this field finds a sound basis for humility in the fact 
that, in spite of the enormous accumulation of experience in the data of 
artificial pneumothorax during the past twenty-five years, we must still 
hark back to the last two decades of the previous century for elucidation 
of phenomena which we have opportunities to observe far beyond any- 
thing known to the workers of those days. The monograph of Emerson 
(33), dated 1903, is instructively modern, though dealing chiefly with 
spontaneous pneumothorax, and critically surveys the literature to that 
date. Few researches have been so satisfying as those of Weil (124), the 
first of which, detailing his animal experiments, was published in 1879. 
He admits that ‘“‘in spite of previous observations by Laennec, von 
Wintrich, Biermer and Gerhardt, the problems of pneumothorax still 
offered questions for solution!’ Proceeding on the basis of experience 
with pathological ruptures of the lung and on animal experiments, he 
really established the modern classification of pneumothorax, thus: (1) 
Closed pneumothorax: the perforation in the lung remains closed both in 
inspiration and expiration (the status is essentially the same as that 
secured in our artificial pneumothorax). (2) Open pneumothorax: the 
perforation remains open throughout respiration; “‘according as the per- 
foration involves the costal pleura and chest wall, on one hand, or the 
pulmonary pleura, on the other hand, or both together, we can speak of 
an external, an internal or a double open pneumothorax. (3) When air 
can enter the pleural cavity in inspiration, but not in expiration, we speak 
of a valvular pneumothorax.” All kinds of gradations between these 
varieties can be found, according to size, shape, place, etc., of the 
perforation. 

By means of an ingenious manometric apparatus Weil demonstrated 
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that the mean pressure in closed pneumothorax is negative, in open 
pneumothorax is atmospheric, in valvular pneumothorax is positive. 
Weil was a careful observer of very exceptional qualifications, as 
evidenced his well-known Manual of Percussion (125). Space does not 
permit more than a reference to his careful correlation, in animals, of 
the rate and depth of respiration with the various forms of pneumothorax, 
nor of the displacements of the diaphragm, mediastinum and heart. A 
rabbit, killed an hour after an opening had been made in its right chest- 
wall, showed the heart spread over the left chest-wall, and nothing of the 
left lung could be seen from in front. In a living rabbit Weil removed 
the skin and muscles from the left chest, so that the heart and lungs 
showed through the parietal pleura; when this was opened, the heart 
was at once displaced to the right and behind; the diaphragm was lowered 
and its excursions increased and slowed; with every inspiration the heart 
and mediastinum, carrying the collapsed left lung, moved further to- 
ward the right, and the vigorous inspirations gave but little air to the 
compressed right lung. As noted above, in closed pneumothorax the 
displacement of the mediastinum toward the sound lung occurs in the 


phase of expiration. Weil evidently made so large an opening in the 
left pleura of his rabbit as to produce the conditions we have discussed 
under “mediastinal flutter,” etc. We have found few, if any, such lucid 
accounts of thoracic mechanics as that of Weil. 


4: Effect upon the Heart-Beat of Collapse of the Left Lung. Heart- 
Flop: Fluoroscopic examination of the chest after free collapse of the 
lung, following left-sided pneumothorax, disc’oses an extraordinary 
increase in the vigor of cardiac pulsation; the left ventricle may thrash 
about in a startling manner, suggestive of the heart-beat in the opened 
chest of the dog. This unusual mobility of the left heart is due to the lack 
of support normally offered by the covering lung. Although the normal 
lung is continually straining to contract, as Howell points out (p. 666 
(53)), it presses upon the mediastinum, heart and other thoracic viscera 
with a force equal to that of the atmosphere minus its own elastic recoil 
(figure 10). With an atmospheric pressure of 760 mm. Hg, as at sea- 
level, the lungs are distended by that force from within. Suppose that 
the force of elastic recoil of the lungs in inspiration and expiration, re- 
spectively, is 10 mm. and 5 mm. Hg, then the intrathoracic pressure 
exerted by the lungs on the other viscera would be 750 and 755 mm. 
Hg, in inspiration and expiration. In persons living in elevated regions 
the supporting pressure of the lungs would be proportionately less. 
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It must be remembered, of course, that these pressures exerted by lungs 
upon the viscera are, in general, ba'anced by a counterpressure imposed by 
the atmosphere upon the abdominal wall, superficial veins, etc. 


<> 


Fic. 10. Diagram to illustrate how the pressure of the air is exerted through the walls of 
the lungfupon the heart (7) and other organs in the mediastinal space. The pressure on 
these organs (intrathoracic pressure) is equal to one atmosphere minus the amount of the 
opposing pressure exerted by the expanded lungs. 

(From Howell’s Textbook of Physiology.) — 


EF Rist (102), in a well-known paper, gives an excellent account, appar- 
ently the first that had been made, of this tumultuous action of the heart 
which lacks pulmonary support, but we have been unable to confirm 
his statement, after describing the cardiac excitement attending left- 
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sided pulmonary collapse, that, ‘“The phenomenon is reversed, but equally 
striking when pneumothorax is on the right side. . . . . One misses 
it only when the gas is prevented from penetrating between the heart and 
the lung because of adhesions of the mediastinal pleural space.” 

Dr. Bronfin has recently submitted this question to a critical analysis 
through patients under his charge in the National Jewish Hospital for 
Consumptives at Denver. There were 44 patients under pneumothorax 
treatment: 20 were left-sided and 24 right-sided cases. The following is 
a transcript of Dr. Bronfin’s observations: 


Left-Sided Cases (Twenty): 10 showed definite flop-action of the heart. By 
“flop-action” is meant a tumultuous and rather vigorous contraction of the 
cardiac musculature in an up-and-down or hammer-like manner. The normal 
appearance of cardiac action, as noted on the screen, is that of a contraction 
and expansion in a more or less transverse, instead of vertical, direction, 
discerned mostly at the right and left borders of the heart. In flop-action the 
entire organ seems to be contracting vigorously in a vertical direction. The 
action is usually rapid, although a few cases that showed typical flop-action had 
a pulse-rate between 80 and 90. 

In each of the 10 cases with definite flop-action, when examined in the left- 
oblique position, there were seen varying amounts of air between the inner 
border of the lung and the pericardium. There was no apparent relationship 
between the amount of air and the extent of flop-action. In a few cases, in 
which this action was marked, only a small triangular area of air could be seen 
between the lung and pericardium, extending from below upward about 5 cm. 
Five cases showed only slight flop-action. In 3 of these no air could be observed 
adjacent to the pericardium. In the remaining 5 left-sided cases cardiac 
action seemed normal. In 3 of these there was collapse of the upper lobe only. 
The other two cases had a fixed diaphragm, with partially organized exudate at 
the base of the lung; in the oblique position no air could be seen adjacent to the 
pericardium. 

Among the 10 left-sided cases with marked heart-flop there were three who 
complained of cardiac symptoms, chiefly palpitation and a sense of oppression, 
at times amounting to a dull precordial pain. 


Right-Sided Cases (Twenty-four): In this group there were noticed only 2 cases 
with a slight degree of heart-flop. One of these showed a triangular area of air 
between the inner border of the lung and the pericardium; the other did not 
show air in this situation. In neither of the two cases was the flop-action 
Pronounced. Six of the remaining right-sided cases had large basal pneumo- 
thoraces compressing nearly the entire lung, with evidence of air near the 
pericardium; in these the cardiac action seemed normal. In the left-sided 
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group, similar lower-lobe collapses were invariably accompanied by marked 
heart-flop. The conclusion drawn from these observations is that in left- 
sided pneumothorax cases, especially in lower-lobe collapses, there is a definite 
modification of cardiac action; whereas in similar pneumothoraces on the right 


the disturbance is rarely present. 


5: Pulsating Pleurisy: In rare cases of extensive pleural effusion the 
physical signs have a peculiarly kinetic character. The shock of the 
cardiac pulsation is strongly felt on the affected side at a distance from 
the heart, and the chest-wall heaves with its rhythm. As the trouble is 
usually the sequel of a spontaneous pneumothorax, the fluid commonly 
becomes purulent. The septic process often destroys areas of the parietal 
pleura, and the pus works its way between the ribs and lifts the skin which 
bulges as a pulsating tumor greatly resembling an aneurysm. This 
tumor has received the curious name of empyema necessitatis. The 
most complete and satisfactory account of pulsating pleurisy is that of 
Keppler (59) published in 1887. Sailer (105) has shown that the same 
physical signs may accompany haemothorax, J. N. Hall (44) has described 
an interesting case, and Osler (85) gives a characteristically lucid de- 
scription of the condition. 

The writer has seen a single case in a boy of about ten years. The 
left chest was much distended and evidently under great internal pres- 
sure. So far as remembered, the pulsatile heave was not very conspicu- 
ous, but when the palm was laid upon the side of the chest it was difficult 
to avoid the belief that the strongly pulsating heart impinged directly on 
the axillary wall. With the stethoscope was recognized a sign of which 
no mention can be found in the literature. This was a sharp, snapping 
sound synchronous with ventricular systole, and heard just to the right 
of the manubrium. It seems obvious that this snapping sound was due 
to the sudden tension imparted to the pleura of the superior mediastinum 
by the pulsatile waves in the empyema. 

Several writers have ventured theories regarding the conditions leading 
to pulsation of pleural effusions, but Osler’s judgment (86), that “No 
satisfactory explanation has been offered how the heart impulse is thus 
forcibly communicated through the effusion,” has never been refuted. 

This discursion from our main theme may be excused when it is ex- 
plained that the powerful impacts of the ventricles in certain cases of left- 
sided pneumothorax seem eminently calculated to set up “‘water-hammer”’ 
pulsations in a surrounding fluid. Indeed, Keppler suggests that un- 
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u ial vigor in cardiac pulsations may partly account for the pulsating 
pyema. 

f our contention is correct, that only collapse of the /eft lung is at- 
ti ded with abnormal violence of systolic movements, then pulsating 
p urisies should be limited to the left side. Such is essentially the case; 
F wards (31) says that 93 per cent are left-sided. A study ofa right-sided 
c: e quoted by Keppler (59) shows that it forms no real exception. 

‘ollowing the scheme of this essay, we shall continue to raise questions, 
rc ardless of present futility in supplying dogmatic answers. Students 
o’ Keith (58) and those who trace the clinical researches of the late C. F. 
E over (50), (52), (52) will realize that nothing may be taken for granted 
ir the mechanism of the thorax, whether at rest or in action. 


': Mediastinal Bulging and Hernia; Pendular Motion of the Mediasti- 
num in Artificial Pneumothorax: Operators in pneumothorax who omit 
habitual use of the fluoroscope can have no appreciation of the facts 
here discussed. Even X-ray films, unless taken in the phase of expira- 
tion as well as of inspiration, give no adequate idea of mediastinal respira- 
tory displacements. In the extensive literature pertaining to the thera- 
peutics of this subject, we would cite especially the works of Dumarest 
and Brette (26), Weil (124), Stivelman and Rosenblatt (116), Parfitt 
(91), Pisoni (98), Rist (101), Hislop (48), Pearson (97), Stivelman, Hennell 
and Golembe (117), Packard (88), Oekonomopoulo (87), Barlow and 
Kramer (8), von Muralt (81), Emerson (33), and, as affecting children, 
Armand-Delille, Georges and Ducrohet (4), and Babonneix and Deno- 
yelle (6). 

Most writers on artificial pneumothorax refer to those arc-like deviations 
of the unsupported parts of the mediastinal pleurae which Nitsch (84) 
designated as the weak spots. As a matter of fact, basing opinion on our 
own experience, we may consider that deflections of the posterior medias- 
tinum back of the heart play a very subordinate part. But that part of 
th: anterior mediastinum, which is a continuation of the superior medias- 
tirum in front of the heart and great vessels and which appears in the 
sk’ gram to be attached above to some point on the inner third of the 
cla: icle, below to the pericardium at about the middle of the ventricular 
bo ler, is normally capable of extensive lateral movements. It is an 
im ressive spectacle to witness under the fluoroscope the to-and-fro 
sw iging arc of the mediastinal membranes with respect to the spinal 
sh. low, much like a section from a rubber balloon which is alternately 
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strongly and weakly inflated. As has been repeatedly stated, in arti 
cial pneumothorax with mean negative pressure the expansion of t! ¢ 
mediastinal border is toward the contralateral side in the phase of expir. - 
tion with retreat toward or into the spinal shadow in inspiration. \\ e 
have not verified v. Muralt’s diagram, which represents an inspirato y 
convexity reaching into the pneumothorax cavity (figure 7). 

When one witnesses a respiratory deviation of the mediastinal me 
brane, which appears to displace the sound lung to the extent of or »- 
half to three-quarters of its diameter, it would seem that the diminuti 
in vital capacity must embarrass the breathing and give rise to dyspno: .. 
Such an interpretation is actually made by distinguished observers w' 
refer to the dyspnoea thought to be occasioned by mediastinal bulginy. 
We think their explanation of the origin 0% the respiratory distress ‘s 
wrong. It should be noted that the encroachment cf the pneumothorix 
cavity, bounded by the elastic mediastinal pleurae, into the sound lung 
only eventuates during the phase of expiration, and, so far as it affects 
respiration, it should operate to aid in the expiratory contraction of the 
lung and in the expulsion of its foul residual air. Contrariwise, the in- 
spiratory swing of the mediastinum toward the middle line allows, if it 
does not assist, the renewal of air of unusual oxygenating power to the 
full capacity of the “contralateral” lung. 

Von Muralt in his monograph (p. 7 (81)) calls attention to the positive 
assistance given to the respiratory function of the contralateral lung by 
the mediastinal deviation in therapeutic pneumothorax, and he points 
out that the situation here is the exact opposite to that found in wide- 
open pneumothorax (figure 9) both as to mechanics and vital effects. 

Furthermore, the volume of the mediastinal deviation, which may seem 
so great when the chest is viewed from in front, is shown to be very shal- 
low when looked at from the side. It is said that the depth of the medias- 
tinal segment which infringes on the sound lung averages about 2 cm. 

It is also worth noting that the mediastinal bulging here referred to 
occurs, as far as has been observed, just under the anterior chest-wall, 
and apparently insinuates itself between the latter and the contralateral 
lung; the bulging would therefore compress the lung in an anteroposterior 
rather than in a lateral plane. 

It is apparently true that in extreme inequalities of intrapleural pres- 
sures the comparatively extensive pleural boundaries of the superior 
mediastinum, and perhaps the whole anterior mediastinum, may '¢ 
deviated permanently. The writer found at the autopsy of a patie: t, 
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9 had long suffered from valvular spontaneous pneumothorax, that 
apex of the contralateral lung was largely replaced, at least anteriorly, 
. a pneumothorax sac. 
‘or the reasons that have been given we think it improbable that the 
- spnoea which sometimes follows artificial pneumothorax is due to the 
¢ piratory deviation of the mediastinum. It must be remembered that 
respiratory phase of the mediastinal movements is the exact oppo- 
ie to that noted in wide-open external pneumothorax, as illustrated in 
icare9. In the latter case, easily reproduced experimentally, the medias- 
i um invades the contralateral side in ims piration, while in expiration the 
expelled air finds it easier to blow up the collapsed lung than to escape 
ough the glottis. The tidal air therefore oscillates to and fro between 
1e two lungs, and the subject is asphyxiated. 
The cause of the dyspnoea, which sometimes occurs as result of pneu- 
mothorax, will be treated later when considering the dangers of the 
operation. 


7. Pendular Motion of the Whole Mediastinum: Even in absence of 
experimental proof we seem justified in deducing from known facts that in 
the normal human subject unilateral pneumothorax must invariably 
cause a wide mean deviation of the mediastinum toward the contralateral 
side, with rhythmic respiratory lateral oscillations as have been described. 
Limiting our consideration to the clinical case in which the movements 
are not hindered by mediastinal adhesions, as illustrated in figures 7-9, 
it is obvious that the two components of the mediastinal partition must 
be considered separately, for they may become unequally affected by the 
progressive fixative processes to which the mediastinum is subjected. 
The first component is the thin but strong membrane made by the later- 
ally unsupported reflections of the parietal pleurae. There are two in- 

pendent sheets of this parietal pleura which form the side walls of the 

iediastinal space. It is rare to find at autopsy the ideal relations of 

1-se membranes, and the anatomists who figure them seem unaware of 
difficulties they offer to the tyro. 
he “bulgings” and the “herniae” which have been described in the 
ceding section must, we would think, be formed by a double membrane 
le up of the approximated or welded pleural reflections of either side. 
iembering that the reflections of the parietal pleurae from the front 
ie chest take place approximately along the Lorders of the sternum, 
wonder whether the tension, to which the pleural membrane on the 


Fic. 11. Illustrating the basis of cardiac distress through a costopericardial adhesion in a 
case of left-sided artificial pneumothorax with very movable mediastinum. On inspiration. 


A: Adhesion band.. B: Collapsed lung. 


Fic. 12, Same as fig. 11, but in phase of expiration. 
160 
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itralateral side is subjected in cases of wide mediastinal deviation, is 

sufficient to rupture more or less its attachment to the chest-wall. 

a patient of our own, having a very movable mediastinum, after the 

lier refills there was sometimes a complaint for some hours of a “pleu- 

c” pain in the upper contralateral lung opposite the superior mediasti- 

m where the mediastinal bulging was notable. Numerous authors 

ve discussed pleurisy affecting the contralateral lung in the course of 

sumothorax treatment, and it seems worth enquiring whether such 

inflammation may not be founded on a laceration or irritation arising 
: the manner suggested. It is but seldom in cases of disease that the in- 
« dependence of the two mediastinal pleurae can be demonstrated. 

(n one adult subject of Dr. Bronfin’s with bilateral tuberculosis, who 

-d some hours after the insufflation of 700 cc. of air into the left pleural 
avity for the control of haemorrhage, there was found at autopsy within 
wenty-four hours that the right mediastinal pleura of the superior medias- 
inum, just beneath the manubrium, formed a plane surface; but the Jeft 

perior mediastinal pleura was bulged over, and formed an extensive and 

fairly firm contact with the former; apparently it had been forced across 
the median line by the insufflated air. Again, figures 13-15 show views 
in deep inspiration and expiration, of the chest of aman taken immediately 
alter a right-sided refill. After a few days the patient developed aserous 
effusion on the right side, which later became purulent, swarming with 
tubercle bacilli. Figure 15 shows the chest at this state. Manifestly, 
the effusion extends across the middle line until stopped by the left 
mediastinal pleura; the right mediastinal pleura must have been forced 
into contact with the former except, as shown in the figure, near the 
pericardial attachments, where they are naturally widely separated. 

It has already been conjectured that such compressions of the contra- 
ateral lung as are due to the expiratory bulging of the mediastinal mem- 
vanes probably occur in the anteroposterior plane. 

Similar in phase with the membranous displacements, but of very differ- 
 t character, is the so called pendular movement of the whole length of 
|» mediastinum. The heart, as the “bob” of the pendulum, has the 

atest amplitude of motion, which, as measured on the X-ray films of 
| » chest, may have a range of 3 inches, or more, between the extremes of 

i) piration and expiration. 

such pendular movements of the mediastinum, increasing in amplitude 

m the arch of the aorta to the diaphragm, must have a notable effect 

the ventilation of the uncollapsed lung. Reasons have been given 
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above for believing that this new respiratory motion is physiologically 
wholly favorable. But, as the contralateral lung is itself rarely free from 
infection, the question arises whether this new respiratory motion, with | 
its source in the mediastinum and whose amplitude in the absence of 
mediastinal adhesions far transcends the normal respiratory motions of 
the lung, is not a serious menace to the foci of infection in the better 
lung. 

It is perhaps a serious indictment of the mediastinal deviation that it 
is nearly wholly unphysiological. It imparts a maximal respiratory 
movement to the median face of the lung, which, as Keith (58) has in- 
sisted, normally has, except as mentioned later, no respiratory motion at 
all. The saving grace of the menace would seem to lie in the relative 
rarity of tuberculous basal leisons. At least one observer, claiming wide 
experience, states that of many cases manifesting mediastinal bulging 
after pneumothorax he has never seen harm attributable to it. The 
English authorities are generally pronounced in their fear of this anatomi- 
cal movement, but offer, as far as we know, no specific evidence of its 
harmfulness. Some suspicion remains that their objections are based on 
the erroneous notion that the ventilation of the contralateral lung is 
impeded by a freely displaced mediastinum. 

Since it is impossible, with our present limited knowledge, to eschew 
the a priort point of view, we may revert to the practical reason for fear- 
ing excessive mediastinal motion, as based on the unwonted exercise of 
the contralateral lung having viable tuberculous lesions; an appropriate 
case will later be studied in detail. 

On the other hand, as will be stated later, the who'e trend of our con- 
ceptions is that artificial pneumothorax does good because it relaxes tis- 
sue tensions about the foci of disease. One can but surmise that the 
considerable mean relaxation of the contralateral lung, which we may 
reasonably expect to occur when it is bounded by a movable medias- 
tinum, may tend to offset the conjectural increase of motion. 

We have repeatedly implied that mediastinal mobility is essentially 
inverse to the pathological changes which stiffen and fix the mediastinal 
pleurae. The average case subjected to pneumothorax, it need hardly 
be said, has already been the host of multifarious intrathoracic changes. 

It seemed desirable to study the state of mediastinal mobility in a 
group of unselected patients who were being treated with therapeutic 
pneumothorax. Dr. Bronfin has made the appropriate observations on 
patients under his charge at the National Jewish Hospital for Consump- 
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tives. These examinations were made on subjects in the standing posi- 
tion, face forward, with the fluoroscopic screen in contact with the chest- 
wall. Respiratory deviations of the mediastinum were estimated at two 
levels, namely, at the 3rd ribs anteriorly, and at the extreme margins of 
the heart on either side. A mark was made on the screen opposite the 
points of observation on the mediastinal or cardiac borders at the extremes 
of ordinary or vigorous respiratory movement. The distance between 
the two marks made at inspiration and expiration at any level on the 
right or left was recorded as representing the amplitude of the lateral 
swing of the mediastinum. Without doubt the measurements at the 


TABLE 1 


The amplitudes of mediastinal movement in 57 cases of therapeutic pneumothorax: 33 left-sided 
and 24 right-sided cases 


DEVIATION OF MEDIASTI- | DEVIATION OF CARDIAC 
NUM (OR PLEURA) AT APEX OR RIGHT BORDER 
3RD RIB OF HEART 


AMPLITUDE OF LATERAL RESPIRATORY MOTION 

Left side | Right side . Right side 
of medias- | of medias- ‘- (right 
tinum tinum P border) 


No apparent movement 24 26 14 
Less than 0.5 cm. 1 1 1 
0.5 to 1 cm 15 14 
11 10 14 
14 


57 57 57 


3rd rib represented movements of the mediastinal pleurae, while those 
below depicted the maximal excursion of the mediastinal pendulum. 
Obviously, on account of parallax, the measurements, as recorded, 
exaggerated the actual amplitude of the mediastinal movements; never- 
theless the comparative results are instructive, and are reproduced in 
table 1. There were 57 cases of pneumothorax, 33 left-sided and 24 
right-sided; these are grouped together in the table. Practically all 
were subjects of old and extensive lesions. It will be noted that in the 57 
cases there was at the 3rd rib no apparent lateral respiratory movement of 
the left border of the mediastinum in 24 cases, nor of the right border in 
26 cases; but, when there is considered the movement of the heart, which 
measures the “pendulum swing” of the mediastinum, it is found that at the 
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apex there is a lateral respiratory oscillation in all but 7 cases, though the 
right side of the heart failed to show lateral motion in 14 cases. It need 
hardly be said that such observations present no little intrinsic difficulty, 
particularly in estimation of movements at the 3rd rib. The maximum 
movements measured at the 3rd rib were 3 cm. at each border of the 
mediastinum; at the cardiac apex, 4.6 cm.; at the right border of the 
heart, 4 cm. 

The direction of the lateral movements of the mediastinum in 52 cases 
followed the rule established for artificial pneumothorax, namely, toward 
the side of pneumothorax in inspiration and toward the contralateral 
lung in expiration. Strange to say, in 5 cases, 3 of left-sided pneumo- 
thorax, the respiratory movements were reversed, though of slight ampli- 
tude. Special study of these cases, which it is inexpedient to rehearse, 
seemed to explain them as the result of individual conditions of pulmo- 
nary cavitation, adhesions or consolidations. 


8: Intrathoracic Changes Characteristic of Prolonged Pneumothorax 
Treatment, and Reinflation of the Lung after its Termination: When air 
is gradually admitted between the pleurae the lung, when free from ad- 


hesions, will contract by its own elastic resilience and occupy a volume 
which is determined by the ratio of its internal and external air pressures, 
as illustrated in figure 6. When these pressures are equal the lung, though 
apparently completely collapsed, continues to hold a moiety of air for 
some hours, but this is gradually absorbed and atelectasis becomes pro- 
gressively more complete. 

It is of extreme interest to discover the conditions which determine 
the degree of expansion possible in a lung which has endured prolonged 
collapse. It seems manifestly impossible, as pointed out in specific cases 
by Krause (61), that a lung should reéxpand after thorough intercalation 
of fibrous tissue in the collapsed state. From a purely clinical point of 
view, supported by the experimental and pathological evidence at hand, 
we are led to suspect that the rate and quantity of connective-tissue 
formation is a function of the extent and destructiveness of the preéxist- 
ing pathological lesions, and that, therefore, experiments upon healthy 
animals must fail to give us quantitative time relations of compensatory 
changes. There is a wide discrepancy in the statements of various au- 
thors as to the ultimate state of a lung which has been successfully sub- 
jected to a prolonged course of treatment with artificial pneumothorax. 
Von Muralt discusses in detail (p. 93 (81)) the mechanical changes within 
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the thorax, when, after prolonged collapse of the lung, treatment is gradu- 
ally withheld and opportunity is given for reéxpansion. He describes 
the gradual shifting of heart and mediastinum far toward the pneumo- 
thorax side, the flattening of the mediastinal bulgings toward the sound 
lung, the ascent of the diaphragm high into the pneumothorax cavity, 
and the development occasionally therein of negative pressures of —30 
cm.to —40 cm. waterormore. Hetreatsof these events as attending the 
gradual expansion of the lung, but does not commit himself as to the 
degree of expansion finally secured. 

This constant, and at times considerable, negative pressure, developing 
between refills in the pneumothorax cavity of cases which have been 
long under treatment, is itself a noteworthy phenomenon. It cannot be 
explained as due wholly to elastic recoil of the contralateral lung or to 
shrinkage of the collapsed organ. It may be suggested that absorption 
of gas from the pneumothorax cavity is probably a complicated physico- 
chemical process of the same order as that which determines root-absorp- 
tion and the ascent of sap in trees. 

The ideal of treatment, of course, is to secure through encapsulation the 
quiescence of the foci of disease with as little fibroid involvement of nor- 
mal lung tissue as possible. The proponents of the method of selective 
or partial pneumothorax, as will be shown later, base their practice on 
the design of securing ultimate return of function to the normal moiety 
of the collapsed lung. Von Muralt points out that the only safe guide 
in determining the extent and duration of collapse to be secured is to be 
found in the clinical symptoms of the patient. Forlanini himself is said 
to have abandoned his original idea of the necessity of permanent col- 


Fic. 16. Miss A. January 13, 1926, before induction of pneumothorax. Showing extent 
of disease in the left lung. 

Fic. 17. Miss A. June 23, 1927: 470 days after induction of pneumothorax: phase of 
deep inspiration. Note the inclination of the mediastinum toward the side of collapse and 
the deposit in the interlobar fissure of the right lung. 

Fic. 18. Same as fig. 17: phase of deep expiration. Note the inclination of the medias- 
tinum toward the contralateral lung, and of the arc-like deviation of the mediastinal pleura, 
seen in optical section. 

Fic. 19, Miss A. Phase of deep inspiration, taken 275 days after fig. 17. The arrow 
points to the probable edge of the superior mediastinal pleura. 

Fic. 20. Same as fig. 19: phase of deep expiration. Note the lessened volume of the 
pneumothorax cavity in figs. 19 and 20; the evidence of restricted pendular motion and in- 
creased mean inclination of the mediastinum toward the pneumothorax side, while fair 
mobility of the mediastinal pleura is preserved. 
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lapse of the diseased lung, and to have gradually reduced the period 
treatment to as brief an interval as a year or less, that maximum reéxpe 1- 
sion might be secured. 

In a case carefully studied by Dr. Waring and the writer, and illustrat 
in figures 16-20, in a young woman of twenty years there was anextens: ‘e 
lesion of the lower half of the left lung, interpreted as a tuberculous pne :- 
monia. No adhesions existing, excellent collapse was secured, and th: 
were pronounced respiratory movements of the mediastinum. The me : 
intrapleural pressure remained constantly negative; only at the refi 's 
was the pressure allowed to exceed the atmospheric during expirati 
and never in excess of a true reading of +3, +4 cm. water, and usually le:s. 

During the first year of treatment there was slight but notable i 
spiratory expansion of the collapsed lung, and the mean plane of t): 
mediastinum was in the middle line of the thorax, with bulging of t' 
free mediastinal pleurae toward the contralateral side. But after abou 
18 months of treatment the inspiratory expansion of the collapsed lun; 
gradually became imperceptible, as viewed on the fluoroscope, the latera 
respiratory oscillations of the mediastinum, particularly the pendular 
movements of the heart, became reduced, and there was a progressive 


oblique shifting of the mediastinum from above downward toward the 
side of the pneumothorax (figures 19-20). It seems doubtful if the col- 
lapsed lung will reéxpand to more than a small fraction of its original 
volume. 


9: Auscultatory Peculiarities in Pneumothorax: In young adults, not 
too far advanced in disease, it may be noted following refills that an 
area of amphoric respiratory and vocal resonance appears on the contra- 
lateral side and extends from the border of the manubrium for an inch 
or two. This amphoric area may have a triangular shape, the apex being 
placed opposite the root of the lung; or the resonant area may seem to 
have a circular border opposite to and more or less involving the manu- 
brium. The physical signs of the contralateral lung are, except for < 
harsher murmur, otherwise negative. We have noted the phenomenc! 
only after a certain number of refills. 

The amphoric area is more extensive the higher the air-pressure in t 
pneumothorax cavity, and in one carefully studied case it has great y 
decreased with gradual fixation of the mediastinum. 

The explanation of this isolated physical sign-of mediastinal bulgi: 
seems obvious; the thin wall of the superior mediastinum, pressed acro’s 


| 
| 
| 
| 
| 
| 
| 


CRITIQUE OF ARTIFICIAL PNEUMOTHORAX 169 q 


the trachea from the pneumothorax side, takes up the vibrations of that . 
tube, for which the tense air-sac acts as a resonator. a 

The peculiar amphoric quality of auscultatory signs associated with « 
spontaneous pneumothorax must have especially intrigued Laennec. ; 
Weil (124) in 1882 submitted them to critical analysis. Bendove (12), 
in a report on 200 cases of artificial pneumothorax, found amphoric reso- 
nance and the coin-sign absent in all except a few which developed spon- a 
taneous pneumothorax, and he would consider these signs as characteris- 
tic of the latter condition. ce 
This contention will not hold. Von Muralt (81) says, 


It is noteworthy that the metallic sound often fails in artificial pneumothorax, 
especially in cases where the pneumothorax cavity is traversed by numerous 
adhesion bands, etc.; one gets the impression that the phenomenon depends on i. 
the smoothness of the surface of the parietal pleura. One finds these signs a 
most constantly and brilliantly exhibited over the anterior bulgings and 
hernias where the smoothness of the pleura is especially favorable to their 
production (p. 66). 


We have noted the same fact, but feel confident, as stated, that it is con- 
tiguity with the trachea that is responsible for the amphoric sounds in 
the region of the superior mediastinum. Dr. Waring and the writer 
have made some study of this phenomenon in the person furnishing a 
figures 16 to 20. 

Early in the course of her left-sided refills there was an area of amphoric 
voice and breathing, inclining upward and outward from about opposite 
the root of the contralateral lung to two or three inches from the inner % 
end of the right clavicle. No amphoric note could be detected over the a 
left pneumothorax side, of which only the upper half was critically ob- + 
served. After some twenty months and more than 50 refills, with much a 
diminished mediastinal mobility, the amphoric note was much reduced i 
over the anterior mediastinum; but both the amphoric and the metallic . = 
coin-signs could be detected over the lower third of the left chest, and the 3 
amphoric voice-note was once heard apparently over the stomach: itself. 

It is noteworthy that the extent and intensity of the sounds were di- 
minished after refills which gave such (true) readings as —7, +3. 


10: Differential Diagnosis between Closed and Open Pneumothorax: 
It is sometimes debatable whether we are dealing with a closed or an 
open (spontaneous) pneumothorax. A crucial test to differentiate 
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these conditions is mentioned by v. Muralt and others. With a needle, 
connected with a manometer, in the pneumothorax cavity, the patient 
takes a deep breath and holds it with the glottis open. In open pneumo- 
thorax, in which the pleural air can escape into the bronchi, the negative 
reading on the manometer will steadily decrease until the zero point is 
reached; in closed pneumothorax the negative pressure will be maintained. 
It should be observed that few patients, probably, can properly fulfill 
the conditions of this experiment. Holding the breath with open glottis 
in inspiration involves difficulties somewhat similar to those found in 
attempting to fix the vision on an imaginary spot on a bare wall. On 
trying the experiment we found that there was a gradual diminution of 
negativity to a greater or less extent at which it was held; that is, the 
patient insensibly relaxed the inspiratory effort. 


11: Clinical Determination of Mediastinal Mobility: We owe to Parfitt 
(89) a clear exposition of a method for determining, or at least suspecting 
unusual mobility of the mediastinum through the registrations of the 
water manometer during the induction of pneumothorax. 

Assuming rigidity of the walls of a pleural cavity, the relations of the 
gas-volume introduced within it and the pressure therefrom, as measured 
on the manometer, are expressed by Boyle’s law which reads: “The 
temperature remaining the same, the volume of a given quantity of gas 
is inversely as the pressure which it bears.” In clinical translation this 
means that each additional 100 cc. of air introduced into the pneumo- 
thorax cavity, supposing the walls to be fixed, should be denoted by equal 
elevations of pressure in the manometer. When, however, the mediasti- 
nal partition yields to the pressure of the inflowing gas, the cavity is cor- 
respondingly enlarged and the manometer fluid may stand at about the 
same level during the successive introductions of several 100 cc. of gas. 
Such a result noted during a refill is an indication of mediastinal mobil- 
ity, as Parfitt has clearly pointed out. As stated by von Muralt, the 
steepness of the curve of rising pressure is a good index of the extent of 
adhesions and of mediastinal fixation. 


12: Air Temperature and Barometric Pressure as Factors in Pneumo- 
thorax: It is worth remembering that the colder the air introduced into 
the chest the greater will be the pressure it exerts when warmed to the 
temperature of the body. 

When a patient moves from a lower to a higher altitude the gas intro- 
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duced at the former locality expands at the latter, and may cause a pres- 
sure increase which is uncomfortable or dangerous. When the elevation 
is raised from sea-level to 1500 metres (4920 ft.) the volume of the 
enclosed air tends to increase 20 per cent (von Muralt). 


13: Intrapleural Pressures in Closed Artificial Pneumothorax: Ac- 
cording to von Muralt, after the initial introduction of gas into a pleural 
cavity which is free from adhesions, the manometer registers an average 
mean pressure of —6 to —8 cm. water; in ordinary inspiration it sinks to 
—10 or —12, in expiration it rises to —4 or —2, and in deep inspira- 
tion it may fall to —20 or more. It is obvious that muscular efforts with 
closed glottis, such as cough, may cause a sudden marked development of 


positive pressure. 


14: Change of Posture: This may have a notable effect. Lawson (62) 
found that, ““There is a constant rise in the pressures when the patient is 
moved from the lateral to the dorsal position. . . . . The pressures in 
the erect, correspond with those in the dorsal position.” He found at 
times the postural increase of pressure to amount to 10 cm. H,0, or more. 

We would deprecate the practice of allowing a patient, who has re- 
ceived gas in a recumbent position, to rise suddenly and retire. In this 
effort it is likely that the glottis would be closed, the diaphragm fixed 
and the flexure of the chest in the act of rising would be apt to compress 
the confined gas, the brunt of whose pressure must be borne by the medias- 
tinum, with possible dangers that will be pointed out. 


15: Calibre of the Needle a Factor in the Manometric Record: It seems 
worth noting that the amplitude of oscillation with respiration as shown 
by the water column in the manometer, is materially dependent upon the 
bore of the needle which is inserted in the chest; or, as Riviere (p. 28 
(103)) more exactly puts it, on “the discrepancy between the calibre of the 
needle and size of the manometer tubing.” Riviere, on the same person, 
tested successively a small needle, calibre 0.8 mm., and a large one, calibre 
1.2 mm., the manometer in each case having a bore of 4 mm. The 
fluctuations in the manometer were much greater with the large needle; 
and in each case were greater before than after the introduction of gas. 
When the large needle was retained, but the manometer was exchanged 
for one with a bore of 10 mm., the fluctuations were again reduced in 
amplitude. 
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These data signify that the manometric readings have a relative value 
only; they do not usually portray the extremes of intrapleural pressures, 
chiefly because the resistance offered to the passage of air through the 
needle causes it to lag behind the respiratory movement. 

It was a happy thought of Webb and his associates (121) to demon- 
strate that simple air, filtered through a cotton plug in the transmission 
tube, serves essentially as well as nitrogen as a medium for injection. 


16: Dangers of Artificial Pneumothorax: Heart-Failure: We would 
fain accept the statement of Rist (101) made more than fifteen years 
ago: ‘Fatal accidents, caused by artificial pneumothorax, are a thing of 
the past, and the memory of disastrous occurrences caused by bad tech- 
nique ought not to deter us from a method which is now absolutely in- 
nocuous (!).”” Unfortunately the confessions of an incomplete literature 
teach otherwise. Many authors repeat, from one to another, a list of 
possible and presumable causes of fatal accident. The subject is treated 
in detail by Brauer (14), Woodcock (130), Stivelman (115), Riviere (103), 
and others. Prevailing opinions favor gas embolism as the usual cause 
of accidental death, with “pleural shock” as a poor second. Lillington 
(64) has efficiently punctured the evidences for the diagnoses usually 
accepted. There is urgent need for certainty in this matter, from both a 
practical and a theoretical point of view. 

In the numerous categories of the causes of accidents attending arti- 
ficial pneumothorax we find nowhere stressed the likelihood of rupture 
of the mediastinum. 

We hold no brief for the imminence of this danger, though cases are 
occasionally reported, as by Wilson and Jones (128); we have found one 
account of spontaneous rupture (35) and one during experiment upon a 
dog (88). One case, critically considered by von Muralt, is dismissed 
as not proved, and he declares that the accident must be exceedingly 
rare. 

When we consider, however, the frequency of mediastinal tuberculosis 
it seems inevitable that ulcerations of the mediastinal pleurae must often 
establish points of weakness which would give way under slight inequali- 
ties of lateral pressure. Possibly among Nature’s safeguards against 
such a catastrophe are general adhesions of the contralateral lung, 
thickening and proliferations of fibrous tissue within the walls of the 
mediastinum and, be it noted, the protective influence of spontaneous 
“mediastinal pneumothorax,” said to be an habitual lesion in pulmonary 
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tuberculosis (7). At all events, mobility of the mediastinal pleura is, in 
some degree, assurance of a normal elasticity which is competent to with- 
stand any clinical strain to which it may be subjected. 

But the writer ventures to emphasize another source of danger in arti- 
ficial pneumothorax which seems to have been completely ignored in the 
literature, namely, heart-failure caused by direct mechanical interference. 

It is strange, indeed, that breathlessness, dyspnoea, the most elemen- 
tary symptom of cardiac inefficiency, should not itself have suggested 
heart-failure as a cause of that respiratory disturbance so often described 
as attending pneumothorax, especially following refills and with displace- 
ment of the mediastinum. The phenomenon has been universally at- 
tributed to pulmonary disability, due to compression of the contralateral 
lung by encroachment of the mediastinum. But it has been shown on a 
previous page that such deviations of the mediastinum, in closed pneumo- 
thorax with mean negative pressure, must rather facilitate than restrict 
ventilation of the lung. 

On the other hand, we have described a case of Dr. Lincoln’s, figures 
11-12, in which with a remarkably labile mediastinum, after a number of 
large refills in a left-sided. pneumothorax, there was pronounced heart- 
failure, which in subsequent refills was avoided by reducing the volume of 
gas administered, with maintenance of very low negative pressures. 
In this case a single adhesion-band reached from the lower chest-wall on 
the side of operation to the pericardium; the band must have been 
stretched taut by the excessive mediastinal displacement. Every physi- 
ologist will admit that such a mechanical insult, interfering with the 
freedom of cardiac action, is abundantly capable of producing various 
signs of cardiac distress, up to sudden death. 

It is noteworthy that the serious symptoms and fatal accidents during 
pneumothorax often, if not usually, occur during refills, when the initial 
volume of air is already considerable and the mediastinum, if movable, 
has been widely displaced. 

It must be obvious that the stretching of pericardial adhesions and their 
interference with the motions of the heart depend upon deviation of the 
mediastinum and heart toward the contralateral side. It is hardly 
necessary to note that that mediastinal displacement due to pulmonary 
cirrhosis, toward the affected side, presents wholly different conditions. 

In an interesting paper Hislop (48) narrates that during the refill of a 
right-sided pneumothorax 300 cc. of air had been introduced without 
trouble, but after the introduction of the next 50 cc. the pressure rose 


Ace 
Fe! 
‘ 


174 HENRY SEWALL 


considerably and the patient had an attack of what was thought to be 
right heart-failure. Hislop inclined to the opinion that he had produced 
a gaseous hernia of the posterior mediastinum which had pressed upon 
the heart. It seems more probable that the trouble was due to a band of 
pericardial adhesion. Such bands, it should be noted, are easily missed 
in examination of an X-ray film. In our case it was overlooked until 
detected by the better trained eyes of the roentgenologist, Dr. Hart. 
On grounds which none makes clear, various authors deprecate wide 
displacement of the free mediastinum. Hislop advises that the amount 
of air introduced should never be more than sufficient to displace the 
heart one inch in either direction. 

Our own experience would accommodate such details to individual 
conditions. We feel sure that once the attention of observers is directed 
to the heart as a danger post, it will not be long before evidence for or 
against our contention accumulates. 

In concluding this theme it may be well to emphasize that the funda- 
mental remedial resort in such accidents would be the instant withdrawal 
of air from the chest to at least the amount of the refill. Even should 
the heart no longer sensibly beat restoration might be achieved by this 


and other known measures. 


17: Spontaneous “Small” Pneumothorax: The first paragraph of this 
essay dwelt upon the fact that Nature had already adopted the rationale 
of artificial pneumothorax in her cure of extensive unilateral tuberculosis 
through massive fibrosis of the lung. 

We have now to consider whether localized foci of pulmonary disease 
may not, perhaps, be amenable to cure through a natural development of 
localized pneumothoraces. 

The term “spontaneous pneumothorax” calls to the mind of the clini- 
cian a picture of terror; a massive collapse of the lung, an event which, 
though its issue may be happy, is at best a gamble with death. 

Now come Barlow and Thompson (7), who in their monograph, 
Small Pneumothorax in Tuberculosis, present a conception, built up by 
induction, which should greatly enhance our understanding. 

They insist that in pulmonary tuberculosis the development of air- 
pockets of limited extent between various pleural surfaces is the rule 
rather than the exception. ‘‘As soon as the collapse (of lung) produced 
by the pneumothorax has permitted healing of the tear the pneumothorax 
becomes closed and there is absorption of air from the pocket.” (P. 35.) 
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This limited pneumothorax is especially liable to occur between the 
mediastinum and the inner surface of the lung, giving rise to a condition 
which, when more extensive, has been called mediastinal pneumothorax. 
They consider that mediastinal pneumothorax occurs in practically all 
cases of clinical tuberculosis and that it endures through lack of pulmo- 
nary adhesions usually so common in this region (p. 37). The presence of 
a mediastinal pneumothorax may be the most delicate sign of active 
tuberculosis (p. 37). In 525 cases of pulmonary tuberculosis X-rays 
showed small pneumothoraces in 64 per cent; of these nearly 53 per cent 
were mediastinal (p. 53). In 473 nontuberculous cases only 2, or 0.004 
per cent, showed small pneumothoraces. If this extraordinary work can 
be duly verified it will greatly strengthen the conception, ventured above 
by the writer, that the small pneumothorax may be one of those com- 
pensations through which Nature has long dealt with and healed, through 
rest, localized tuberculous lesions. Barlow and Thompson would seem 
to oppose this interpretation for they say, ‘‘Small pneumothorax is not 


a direct cause of either improvement or relapse. . . . . It is only one 
of a number of conditions which influence the course and prognosis.” 
(P. 185.) 


It is also striking that the commonest site for these pneumothoraces 
seems to be along the mediastinum, possibly protecting that central 
rampart of the lungs, injury to which would be most fraught with dis- 
aster to life. Furthermore, the writer is prone to think that this example 
of Nature’s practice points in no uncertain way toward a preferable 
method in our therapeutic collapse,—that of partial or selective 
pneumothorax. 

The experienced clinician not infrequently meets cases with apparently 
typical signs of extensive cavitation but with no history or evidence of 
expectoration. The study of one marked example of this kind has im- 
pressed on the writer that the X-ray plates of the chest in this patient 
have long been demonstrating a mediastinal pneumothorax of increasing 
dimensions. 


18: Optimum Pressures and Optimum Inflations in Artificial Pneumo- 
thorax: A satisfactory solution of this problem would determine the plan 
of induced pneumothorax in the therapeutics of pulmonary tuberculosis. 
As the details of treatment must vary with the anatomical state of the 
thoracic viscera, it will be assumed that we are dealing with a lung ca- 
pable of fairly complete collapse and with a mediastinum of free mobility. 
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Only an accurate estimate of the modification induced in the physio- 
logical physics and chemistry of respiratory motion can serve as a basis for 
judicial judgment which may strike a true balance between the eager 
enthusiasm of proponents of this method (artificial pneumothorax) and 
the coldness of conservatives, who, at the worst, block the way of medical 
progress. Artificial pneumothorax is still on trial. Maendl (66) in 
1924 interrogated by questionnaire 180 institutions and specialists in 
Continental Europe; of 29 physicians who made reply, “Eighteen of the 
lung specialists (said) that they did not practise this treatment (pneumo- 
thorax).”’ 

Clinical experience with the results of therapeutic artificial pneumo- 
thorax has caused a decided modification in the use of pulmonary com- 
pression. Parfitt (p. 648 (89)) has given a brief resumé of this history. 

Forlanini (37), the real father of the method, first proposed the treat- 
ment in 1882 but only found opportunity to try it ten years later. He at 
first taught the necessity of introducing sufficient gas to secure absolute 
immobility of the lung and of maintaining this condition constantly. He 
advised the very gradual inflow of gas to avoid sudden displacement of 
the mediastinum, etc. Later in his experience he lessened the degree of 
his compression, and even allowed the lung to reéxpand gradually. 

_ J. B. Murphy, in the late 90’s would give a single insufflation of as 
much as 200 cubic inches of nitrogen (3,100 cc.), apparently not followed 
by refills. 

Brauer, respected pioneer in the German clinic, would introduce gas 
sufficient to ‘produce a mean positive pressure as high as +8, +16 
mm. Hg, (+11, +22 cm. H,0). Apparently dyspnoea was a common 
accompaniment of the refills (!). 

To-day, the guide for treatment, as laid down by Leuret and his col- 
leagues (63), would receive general approval: 


Positive pressures should be reserved for very special cases in which the other 
type of pneumothorax is ineffective. . . . Compression pneumothorax should 
be reserved for cases in which the presence of adhesions prevents the elastic 
recoil of the lung or in which such recoil is insufficient to efface large disease 
cavities. Positive pressures are especially justifiable in a small incomplete 
pneumothorax. 


The leisurely way in which such subjects as we are discussing make 
their appearance in textbooks and treatises is evidenced by their neglect 
in standard works on tuberculosis (36) (99). 
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It is generally admitted that the pneumothorax treatment, once begun, 
must be pursued, with gradually lengthening intervals between refills, 
until the patient is cured. Sometimes this period of treatment persists 
for many years; most clinicians agree that the average of the minimal 
period is about two years. The gas separating the pleurae seems to serve 
as an irritant, causing changes which induce general adhesions when 
the leaves are again brought into contact. Such a result would prevent 
resumption of the treatment and is a menace to be feared; also, as Rist 
(101) remarks, “If the lung is allowed to reéxpand prematurely, fever 
and malaise come back and coughing and expectoration become more 
abundant.” (P. 291.) 

We may repeat our conclusions from the facts at hand, that collapse of 
the lung or any part of it induces atelectasis, which in normal air-cells 
may continue for an indefinite period without prohibition of reéxpan- 
sion; but that in tuberculous disease, and in somewhat quantitative 
proportion with it, intercalating and encapsulatung fibrous tissue is 
developed with corresponding inhibition of functional reéxpansion. 

The literature emanating from practitioners of therapeutic pneumo- 
thorax is far from stabilizing either the method of treatment or the choice 
of subjects. 

The brief review which follows should make it clear that only through 
exact apprehension of the anatomical and physiological facts of the thorax 
can the clinical worker conceive and approach the ideals which should 
direct him. 


19: Methods of Actual Practice: Burrell and Macnalty in 1922 made a 
comprehensive report on the practice of artificial pneumothorax in be- 
half of the Medical Research Council of Great Britain (15). They noted 
two cases in which marked changes of pressure on the side of the pneu- 
mothorax (10 cm. to 16 cm. H,O) had no effect on the intrapleural pres- 
sure of the other side (vid. supra p. 151). After stating that the medias- 
tinum may be more or less displaced to the healthy side, even with nega- 
tive pressures, the writer remarks, ‘In such cases I have found that the 
general well being of the patient is impaired, and there is usually loss 
of weight.” By reducing the quantity of gas at refills and increasing the 
intervals between them, “It will be found, that as the mediastinum re- 
turns to its normal position the condition of the patient improves and he 
gains weight. In cases of steady loss of weight displacement of the 
mediastinum should always be suspected” (!). In response to a question- 
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naire of twelve questions, sixteen well known British clinicians reported 
on their personal experience with pneumothorax treatment. It should be 
remarked that not one of the queries refers to “partial” or “selective” 
pneumothorax, although inquiry is made of the intrapleural pressures 
obtained before and after “fills.” W. Parry Morgan, of whom more 
hereafter, alone definitely advised in his response partial collapse of the 
lung, and Tattersall wrote, ““The lowest possible pressure to obtain com- 
plete (!) collapse should be used.”” The intrapleural pressures acknowl- 
edged by several of the reporters are astonishing: one says, ‘When the 
lung is completely collapsed in the absence of adhesions the inspiratory 
pressure is usually in the neighborhood of zero, while expiratory pressure 
varies from + 4mm. to + 8mm. Hg (+ 5.4 to +10.8 cm. HO). The 
highest pressure left in presence of adhesions has been +33 mm. Hg 
(+45 cm. H,0 (!)).”’ The reporters, in general, state that they no longer 
employ the high positive pressures formerly used, though they still 
achieve maximal pressures of from +2 to +20 cm. H,0. 

In continental Europe Gwerder (43) seems to have been the first to 
advocate (about 1922) the practice of “low-tension’” pneumothorax. 
He writes that it 


is not contra-indicated in otherwise suitable cases by obvious involvement of the 
opposite lung, but is indicated by it.. . . It often happens that the gas becomes 
spontaneously localized over the affected area, i.e., over the area of the least 
resistance. Artificial pneumothorax is followed by an increase in the blood 
cells and hemoglobin and a decrease as the pneumothorax is absorbed. 


Wolff-Eisner (129) endorses the method of Gwerder, and upholds the 
superiority of maintaining a continuously negative intrapleural pressure 
even in expiration. Parodi (92) is quoted as saying, “if performed ac- 
cording to the indications laid down in textbooks, artificial pneumothorax 
is an operation which keeps the symptoms in check, but that it will effect 
an absolute clinical and anatomical cure only in very early cases of pul- 
monary tuberculosis with parenchymatous lesions.’”’ Giriodi (38) reports 
a case in which refills during three weeks produced a complete collapse 
of the lung under pressures whose maximum was —3 cm. H,0. The pa- 
tient returned to work after several months. 

The American literature on artificial pneumothorax-shows a very posi- 
tive trend toward the adoption of partial or selective collapse of the more 
diseased lung and, accordingly, extension of the practice to cases in earlier 
stages of the disease. As yet the rank and file of phthisiologists maintain 
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a wholesome conservatism against the enthusiasm of a few therapeutic 
pioneers, and it behooves us to seek firmer ground for critical judgment. 

Bendove (10) has made a useful attempt to classify the clinical value 
of the various types of pneumothorax. Fine (34) apparently finds no 
contraindication in operating on early cases by administering “partial 
pneumothorax” by the introduction of, say, 50 cc. of air, “allowing the 
healthy tissue to function. There is also eliminated the danger of dis- 
placement of the mediastinum. . . . . In my practice I have discon- 
tinued treatment after 6 or 7 months.” 

Hennell and Stivelman (46) make an interesting plea for low intrapleural 
pressures: 


By optimum pressure is meant the lowest pressure which is able to accomplish 
the necessary degree of compression with the least possible disturbance of 
intrathoracic equilibrium and consequent embarrassment of the cardio- 
respiratory function. Our studies show that the optimal pressure in most such 
instances is very likely to be a moderate negative pressure which does not 
produce a complete collapse of the entire treated lung. 


Intrathoracic equilibrium is treated by Stivelman and his coworkers 


(117) in a thoughtful contribution having the same purpose (110). 
Golembe (39) sounds a needed warning against the impropriety of un- 
trained practitioners venturing to embark on the operation at all. Before 
him von Muralt (81) had laid down the drastic requirements of such 
training. 
One of the most effective pleas for ‘‘selective” collapse under partial 
pneumothorax is that of Barlow and Kramer (8). They write: 


In many cases the results (of collapse) seem out of all proportion to those which 
could possibly be expected from the relatively limited pneumothorax which is 
present. If partial collapse of an entire lobe is permitted, with each breath 
there is slightly less expansion of the tuberculous portion so that after a few 
hours or days it is seen that the diseased part has appropriated to itself the 
great part of the collapse of the entire lobe, the healthy portions of the lung 
expanding nearly or quite as well as before. If the pleural cavity is free, this 
results in a localization of air in the pleural cavity over the tuberculous focus 
. there is no displacement of the mediastinum (p. 78). 

These cases require complete rest longer than those with complete pneumo- 
thorax. With a bad contralateral lung the method of partial pneumothorax is 
especially advisable. A great advantage of this method of treatment is the 
very much larger proportion of otherwise doubtful cases (“incipient” or 
“slight””) to which it offers hope of relief (p. 80). 
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It is interesting to observe that in the history of pneumothorax (of 
which the sketch by Rist (101) is unusually complete), each step in prac- 
tice has been preceded, after a long latent period, by a reasoned theoreti- 
cal conception based on respiratory mechanics. Thus, James Carson is 
credited with the clear enunciation in 1820 of the benefits to be expected 
from artificial pneumothorax in pulmonary tuberculosis, though he 
seems never to have performed the operation. Forlanini conceived the 
therapeutic induction of complete collapse of the lung in 1882, but did 
not practically apply the idea until 1888, and made his first report of 
two cases in 1894. 

So far as we can discover, W. Parry Morgan proposed (74), and soon 
put in practice (75), the procedure of selective collapse nearly a decade 
before the idea was generally entertained. He argued that, as a tubercu- 
lous focus is an area of shrinkage, the surrounding lung must be stretched 
more tensely along the radii from it; indeed, there may be an increase of 
percussion resonance over the site of consolidation due to the compensa- 
tory emphysema which the normal lung must undergo in order to bal- 
ance the pathological contraction. He further reasoned that when gas is 
insufflated into the pleural cavity, in however small a quantity, it must, 


urged by the respiratory movements of the lung, gradually find its way 
toward the diseased focus where there is the greatest radial elastic recoil. 


Therefore, whether the disease is extensive or not, the induction of a moderate 
degree of pneumothorax tends to diminish the distortion of the consolidated 
portion of the lung caused by the respiratory movements, . . . . and further, 
the prevention of the pumping action which, before the induction by driving 
out tuberculous poison from the diseased foci, produced auto-inoculation. 


Morgan’s papers (74) (75) (76) (77) must be read in the original for 
complete understanding. He frankly suspects that the needle-puncture 
commonly penetrates the lung at the initial operation, and gives reasons 
for believing that air escapes from the lacerated alveoli in no incon- 
siderable quantity. To minimize the chances of this accident he uses a 
needle with a very short bevel. He points out that when the needle is 
in the chest and in open communication with the manometer, but not 
with the reservoir, the amount of air which has entered the pleural 
cavity is that contained in the manometer between the fluid levels in 
the two limbs; under ordinary conditions this would amount to about 
1cc. Respiratory movements would soon dislodge this bubble, and the 
lung surface would press against the eye of the needle, closing it, or “the 
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visceral pleura will, as soon as the intrapleural pressure rises in expiration 
above that in the manometer, be flapped back upon the eye of the needle, 
and gas will then be prevented from returning to the manometer.” 

In the operation usually performed, these strictures pertain only to the 
initial fill, but in “selective” collapse the ideal is to preserve, as far as 
possible, the normal expansion of the lung, and we must infer that often, 
at least, the entering needle meets the visceral pleura as in the first adven- 
ture. Morgan has met this contingency by the construction of a special 
apparatus, designed to secure a continuous flow of gas into the chest and 
permit at the same time an estimate of intrapleural pressures, without 
occlusion of the needle. This instrument is described without the aid 
of mathematical formulae in Tubercle (77). Two separate manometers 
are connected in series with the tube conveying gas from the reservoir to 
the needle; an adjustable throttle partly occludes the tube between the 
manometers; the proximal manometer, nearer the reservoir, measures the 
pressure of gas in the reservoir; the distal manometer shows its pressure 
just before entering the needle in the chest, and the fluid in it oscillates 
with the intrapleural pressures, whose values may be estimated from the 
constants of the instrument. Whatever details of practice one may 
choose, the study of so thoughtful a design as that of Dr. Morgan’s has 
intrinsic value, and the instrumental demonstration of the principles of the 
apparatus, as described in Tubercle, seems well worth repeating as a 
laboratory exercise. 

Whatever may be the final choice of technique in the administration 
of artificial pneumothorax, it cannot be gainsaid that there has beeninthe 
past a close parallelism between the occurrence of more or less serious 
accidents and the amount of gas injected and the pressures resulting 
therefrom; low pressures are safer than high. 


20: Secondary Infection of the Contralateral Lung: In a following 
section (24) I will emphasize the rdle possibly played by simple mechani- 
cal conditions in determining the distribution of tuberculous foci within 
the lung. With the same intent I will here advert to a familiar and 
untoward phase in the progress of pulmonary tuberculosis, namely, that 
which marks extension of the disease from one lung to the other. 

It is a common experience with clinicians, who follow their cases through 
years, to find that extensive, essentially unilateral, disease of a lung, often 
with cavitation at the apex, proceeds steadily toward healing. But 
suddenly there is a development of active tuberculosis in the contralateral 
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lung, characteristically in its basal portion and frequently of pneumonic 
nature; at the same time quiescent lesions in the corresponding apex may 
be lighted up. The tuberculosis clinic constantly furnishes evidence of 
such histories, as of old arrested disease in the right lung and newer 
active infection in the left, usually of basal involvement. It seems very 
plausible to suppose, as recently suggested to the author by J. B. Amber- 
son, that, in the class of cases referred to, infection of the contralateral 
lung depends upon the gravitation of infective sputum from one main 
bronchus to the other. 

If this be the correct explanation, it is suggested, from a theoretical 
viewpoint, that we are not without prophylactic resort in two directions: 
first, the postural treatment of the recumbent patient, through lying on 
the affected side, as urged by Webb and his colleagues (122) (123), would 
seem to hinder the transfer of sputum as indicated; second, the early 
administration of artificial pneumothorax, before the development of 
abundant sputum, would seem capable of averting such progression of 
primary disease as would lead to the massive production of sputum. 
Indeed, far-sighted protection of the contralateral lung would seem a 
fair argument for the early induction of pneumothorax. Unfortunately 
we cannot assume that the establishment of infection in the contralateral 
lung is always, if ever, so simple a matter. There are cases, such as one 
now under observation by the author, in which, without notable produc- 
tion of sputum, repeated periods of overwork and exhaustion are fol- 
lowed by the symptoms of acute relapse, with sudden development of 
the signs of disease in the lower half of the contralateral lung. 


21: Bilateral Pneumothorax: Clinicians are only too familiar with con- 
tingencies which would seem to indicate the induction of pneumothorax 
in both sides of the chest, but the practice is still a therapeutic curiosity 
and demands careful study. ‘Theoretically, it would seem an ideal 
method for regulating mediastinal deviations. Apparently the first 
deliberate operation of this character was performed by Morgan (76). 
In 1912 he was led to administer pneumothorax bilaterally in an appar- 
ently hopeless case.! Four years later the subject was doing well, and 
Morgan accordingly gave bilateral treatment repeatedly to certain other 
patients. In no case was the course of the disease adversely affected, 


1 The Editor of THe AMERICAN REVIEW OF TUBERCULOSIS tells me that Ascoli may have 
antedated Morgan somewhat in his conception of bilateral pneumothorax.—Hd. S. 


| 
( 
Ay 


183 


CRITIQUE OF ARTIFICIAL PNEUMOTHORAX 


though he considers his experience too limited to justify definite conclusion 
as to the value of the practice. Morgan’s method was to induce a moder- 
ate degree of pneumothorax on each side at the same sitting. Other 
proponents of the bilateral treatment insist on an interval of several days 
between the double operation. Fine says, “a partial pneumothoraxmay 
be used alternately in both lungs.” Abbott (1) records 16 cases treated 
with most excellent results: ‘In the initial bilateral compression we 
seldom exceed 25 per cent of the gas used on the opposite side.” He 
watches carefully for adverse symptoms and never injects enough gas to 
cause dyspnoea. 

Barlow and Kramer (8) in their admirable work describe in detail their 
technique for bilateral pneumothorax, and always treat the two lungs at 
intervals: “Under no circumstances should both sides be inflated on the 
same day, as it is possible that a small rent might be made in each pleura, 
causing an excessive collapse of both sides, the results of which would be 
unpleasant or even disastrous.” (P. 93.) They advise that the treat- 
ment be controlled by persistent use of the fluoroscope and stereoscopic 
X-ray pictures. 


22: Further Consideration of the Relations of Pulmonary Tensions in 
Tuberculosis: We may reiterate that the prime object of artificial pneu- 
mothorax is to put at rest, if not the whole diseased lung, at least its 
diseased portions. 

We have dwelt on the elementary fact that the extensible lung under 
normal conditions is stretched by the atmospheric pressure far beyond 
its resting volume, which would be assumed if the atmosphere surrounded 
its pleural surface. Through its elastic constitution the lung constantly 
strains to contract along radii which converge to the root of the organ. 
Even in the perfectly normal thorax it is said that the intensity of strain 
along different radii is notably different. It would follow that, were 
air introduced into such a pleural cavity in amount too small to allow of 
complete collapse, it would sooner or later make its way to that part of 
the pulmonary surface opposite the radii along which the elastic recoils 
are strongest. 

Now let us suppose that a block of lung tissue between certain radii be 
puckered, condensed, and filled with solid deposits. The affected tissue 
would not only lose its properties of extensibility and elasticity, but would 
be a region of diminished volume. Therefore the recoil-tension of the 
whole normal lung along the affected radii would be increased. In such 
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a case, when the lung is expanded in inspiration, the tension along these 
radii is abnormally increased in proportion to the volume of pathological 
deposit. Adjacent areas of the lung being organically united, it is obvi- 
ous that, while the maximum tension of recoil is over the diseased focus, 
this tension is transferred with diminishing power to more distant radii, 
Thus, a bubble of air, free to move between the pleurae, finds its path 
always down-hill, as it were, toward the focus of disease. 

An interesting confirmation of the above hypothesis, which seems to 
have been introduced by Parry Morgan, has been furnished by R. C 
Matson (69). In a large number of miscellaneous cases this author 
noticed that a considerable proportion of those irregularities of the dia- 
phragm, which are commonly assumed to be due to the pull of adhesions, 
are of temporary character. After study of the subject from several 
directions he concluded, in effect, that the temporary poutings of the dia- 
phragm were due to suction exerted upon its surface; in this area the 
lung was retracted by reason of loss of extensibility and shrinkage 
due to localized pathological changes within the pulmonary radiiaffected. 
It would seem that this explanation of Matson’s should appeal tothose 
who study the “ring formations” on the surface of the lung, as shown in 
skiagrams. 

In the case of fresh tubercles, with their enclosing vascular networks, 
such respiratory tensions must serve to augment excessively the blood- 
flow about the foci of disease. A signal advantage of fibroid encapsula- 
tion is to interpose a barrier between the pull and the tubercle. 

Nature apparently does her best to relieve this increase of recoil- 
tension by the same method she employs whenever there is an abnormal 
loss of tissue volume within the thorax, that is, by the development of 
compensatory emphysema; that development is always most pronounced 
where the untoward elastic strain is most in evidence, in this case about 
the tuberculous deposit itself. 

The multifarious development of inelastic fibroid tissue, in the form of 
adhesion-bands, etc., in advancing pulmonary tuberculosis greatly com- 
plicates the physical, and doubtless the biological relations of pulmonary 
tensions. Parfitt and Crombie (90), in discussing the effect of adhesions 
in modifying the physical reaction to pneumothorax write, ‘“The degree 
and efficiency of collapse will depend upon the site and kind of adhe- 
sions. Lateral adhesions are the worst, diaphragmatic next, and apical 
ones matter least. In about one-fourth of advanced cases adhesions 
make compression impossible.” 
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Stuart Tidy (119), whose work is not concerned with pneumothorax, 
graphically portrays the biological incubus due to the tensions existing 
about the tuberculous foci. He says, 


No pulmonary lesion can possibly heal without relaxation of the peripheral 
pull on the lung tissue. I commend the practice of constricting the lower 
thorax by encircling bands of any convenient material for the space of a week in 
all cases of pulmonary tuberculosis, and after the expiration of a week to 
continue the practice or not as may seem expedient. 


The average reader would be likely to protest Tidy’s technique, not to 
say his meagre exhibition of cases. Nevertheless, his conception of the 
motor dominance of the diaphragm in apical respiration is supported by 
the physiological data of Keith and, as will be seen in a case to be reported 
later, it receives plausible support from our own observations. 

Webb and Sevier (123), in their contribution on the postural treatment 
of pulmonary tuberculosis, direct the patient to be nearly constantly 
upon the side of the active lesion. They find that the heart and medias- 
tinum become displaced toward the dependent side; in all cases the dia- 
phragm on this side stood at a relatively higher level than its other cusp; 
in general, the breath-sounds at the apex are less audible on the lower 
side. 


23: Doubts on the Expediency of Partial Pneumothorax: The practical 
clinician, whose responsibility it is to guide his helpless clients, should at 
this stage of our knowledge have clearly defined all available data of 
theory and practice on which to base his judgment in specific cases. The 
imagination is appalled at the inference implied in the claims of the pro- 
ponents of selective pneumothorax that the treatment is indicated for the 
host of “early” cases. Fortunately, we are not uninformed of certain 
reservations as to, for instance, increase in the length of the therapeutic 
rest-period, lavish use of X-ray examinations, etc., which at once limit 
the field of practice on economic grounds. 

Thus far it has appeared that the induction of partial pneumothorax 
is especially free from liabilities; but an unusually competent critic, 
Clive Riviere (104), raises a protesting voice against the assumed neces- 
sity for the practice. He writes, 


when, or if, the selective collapse is attained, it needs much individual skill 
and attention to maintain it at this same amount. In this the intra-pleural 
pressure gives no help and the size of the pocket has to be controlled by physical 
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signs and X-ray. It is almost the rule, in my experience, for this treatment to 
be jeopardized, or even cut short, by the occurrence of “reactions” following 
refills and the development of a condition of hypersensitiveness to auto-inocu- 
lation, etc. 


The fear of mediastinal displacement looms large with Riviere too. He 
has a healthy layman-like recoil from the whole procedure of pneumo- 
thorax, which is worthy of our apprehension: 


Personally, I tremble for the time, if we ever reach it, when every suitable case, 
even on the old narrow basis of the past, is submitted to this treatment. 
Indeed, I foresee a time when the conscientious phthisiologist will look upon 
this treatment as a curse—but a curse from which he cannot shake himself 
free. Its success makes it an obligation which no honest man may shirk 
(p. 369). 


Even discounting possible temperament, the above criticism is timely 
and practical; still the curse which the author deplores may, like Adam’s 
brow-sweat, turn into a blessing if we sanely adjust our forces to the 
burden. 


24: Apical Tuberculosis of the Adult, and “‘Miners’ Consumption” and 
Tuberculosis: Corper and Rensch (21), in rabbits subjected to intravenous 
injections with tubercle bacilli after collapse of one lung, which was then 
maintained for one month, found at the end of that period no difference 
in the number or size of macroscopic tubercles in the two lungs. Shaw 
(112) found that intravenous injections of tubercle bacilli in rabbits 
after unilateral pneumothorax were followed within one to two weeks 
by the presence of tubercles limited to the collapsed lung. Such experi- 
ments are valuable as showing the complexity of the relations of “rest”’ 
and infection, and the danger of drawing conclusions from insufficient 
data. 

We can hardly doubt that in the fully collapsed, not to say compressed, 
lung the blood capillaries, as well as the terminal bronchioles, must be so 
crumpled together as to become relatively impervious. Experimental 
studies support this view. It is obvious that bacilli injected into the 
venous system might pass freely through the vessels of the expanded 
lung but must be retarded and accumulate in the collapsed lung. It 
would be strange, then, should not pathological deposits appear first, and 
to excess, on the side of collapse, under the experimental conditions noted. 
It seems proper here to suggest that the preponderance of apical tuber- 
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culosis in the human adult may be due to the same cause, that is, the ex- 
cessive sedimentation of fugitive bacilli within the obstructed vessels 
around the collapsed air-cells; for the apex is, par excellence, the region 
of nonpathological pulmonary collapse. As previously noted, according 
to Keith (58) the sedentary person uses only about ten per cent of 
his respiratory tissue. He writes, 


It is the dorsal part of the apex of the lung that is the common initial site of 
pulmonary tuberculosis. To secure a free expansion of that area of the lung 
(part of the apex in front of the necks of the 1st and 2nd pairs of ribs) a full 
diaphragmatic contraction is much more efficient than any movement of the 
upper thorax (p. 198). 


One of the most curious characteristics of pulmonary tuberculosis is the 
frequency with which it occurs in adults, before the fourth decade, who 
have suddenly adopted and maintained a sedentary habit of life after a 
youth devoted largely to athletic exercises. We are probably correct in 
assuming an hypertrophy of the infundibular-vascular units as due to 
physical exertion. 

With the diminution of respiratory activity accompanying sedentary 
occupation, apparently accentuated, as indicated by X-ray examina- 
tions, in the apices of the lungs, we may assume, under such conditions, 
a crumpling of the vascular capillaries and increase of resistance to blood 
and lymph-flow through them to an extent proportionately greater than 
that which occurs in individuals who have never developed pulmonary 
hypertrophy; the conditions for bacterial sedimentation from the circu- 
lation would be correspondingly increased. 

It is conceivable that the well-nigh inevitable termination of long-con- 
tinued “miners’ consumption” in intractable tuberculosis is possibly 
dependent upon mechanical conditions essentially similar to those dis- 
cussed above; but in the latter case the vascular obstruction is due to 
pneumonokoniotic blocking of the circulation, which occurs wherever 
deposits of foreign matter are made, and not especially in the apices of 
the lungs. 
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III 


A STUDY OF THE COSTAL, DIAPHRAGMATIC AND MEDIASTINAL RESPIRATORY 
MOVEMENTS IN A CASE OF SEVERE PULMONARY TUBERCULOSIS 
TREATED BY COMPLETE COLLAPSE OF THE LEFT LUNG 


It has been thought worth while to close this essay with a somewhat 
extended report of a single case, observations upon which seemed to 
present many unusual and instructive details. 


Miss A, aged 19 in 1925. A school-girl in a rural community. While still in 
good subjective condition she developed symptoms, which led her to apply in 
July, 1925, to highly competent medical authority for advice. RaAles and 
other abnormal signs were found, especially developed in the left lung. No 
sputum was obtainable, and the trouble was regarded as postinfluenzal. 
Advancing symptoms led to bronchoscopic examination in August, 1925. 
A cavity, two inches in depth and containing caseous exudate, communicated 
imperfectly with the bronchus of the left lower lobe. Tubercle bacilli were 
found in the ensuing expectoration. In December following the patient 
“caught cold,” and developed cough, fever and malaise. Fig. 16 is from a 
film taken January 13, 1926, before the induction of pneumothorax; the 
disease had materially progressed since the taking of a previous picture six 
months earlier. No normal tissue can be detected in the left lung in the last 
picture except at the apex. The film shows disseminated tuberculous lesions 
also on the right side, especially marked at the base. 

The patient was referred to the writer’s care and arrived in Denver January 
30, 1926. The physical signs in the chest substantiated the disclosures of the 
films, which were not seen until many months later. No X-ray plant being 
accessible except through a fatiguing journey, it was necessary for several 
months to treat the patient wholly by guidance of her clinical condition. 

For a few days there appeared reason to hope that nursing care, with com- 
plete rest, would suffice to restore the patient; but there quickly ensued symp- 
toms of acute disease, with temperatures rising 103°F., accompanying which 
was a congeries of physical signs of interesting character, and which will here 
be dogmatically interpreted in the light of subsequent events. Thus, on 
January 31, 1926, the apex-beat of the heart reached but slightly to the left of 
its normal position, namely 4.25 inches left of midsternum. It became pro- 
gressively shifted to the left, until on February 24, 1926, it reached 5.5 inches 
left of the midline. At the same time, without any evidence of bulging in the 
chest-wall pronounced percussion dulness developed over the front and side of 
the left chest, reaching to about the top of the 2nd rib in front. The writer 
was thoroughly deceived in his suspicion that a pleural effusion had formed, 
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the idea being strengthened by temporary complaint by the patient of sharp 
pleuritic-like pain in the left side. As a matter of fact, the dulness over the 
left lung was not due to an effusion of fluid, but probably to massive atelectasis 
of the left lung except at its apex. Contraction of the left lung caused, of 
course, a shifting of the mediastinum and of the heart toward the left. Physi- 
cal examination had shown a distinct parallelism between the extent of dulness 
over the lung and of the cardiac displacement; thus, on March 5, 1926, this note 
was made, “‘dulness increased, apex 5.5 inches left of midsternum’’; the next 
day,” dulness reduced, apex 4.5 inches /. m. s.”” The tyro would be justified 
in insisting that the obvious effect of a left-sided effusion would be to push the 
heart to the right; but it is not always so. Still, it should be noted that my 
colleague, Dr. James J. Waring, had contended against the presence of an 
effusion. As to the “pleuritic” pain, it is strongly suspected that it was not 
pleuritic at all, but due to intercostal myositis, which is so apt to arise in the 
chest-wall opposite an infective pulmonary lesion, and which, as I have shown 
elsewhere (110), is well-nigh indistinguishable, subjectively or through physical 
signs, from pleuritic inflammation. 

Forty days of observation seemed to make it clear that improvement in the 
patient could be expected only through the successful performance of artificial 
pneumothorax to collapse the left lung. After a preliminary needle-puncture, 
which demonstrated the absence of notable effusion, Dr. Waring induced pneu- 
mothorax on the left side on March 10, 1926. The “true” pressure readings 
before the introduction of air were —20, -10 cm. H,O; after inflow of 300 cc. 
of air, -16, -6 cm. H,O. Although late in the course of treatment there was 
often attained at refills a positive pressure at the end of expiration of 2 to 3 or 
even 4 cm. H,0O, the patient never was subjected to a mean positive intra- 
pleural pressure. The pneumothorax, as shown in figures 17 and 18, produced 
fairly complete collapse of the left lung. The cardiac impulse was transferred 
from the left to the right side of the chest, the pulsation reaching well to the 
right parasternal line. There was never any dyspnoea. 

This case seems worthy of detailed study because it presents an unusual 
combination of the following points of interest: 


1: There seems no reasonable doubt that at the time the pneumothorax treatment was begun 
the patient was in a steady decline toward dissolution. 

2: The left lung was demonstrably, especially in its lower two-thirds, in an advanced stage of 
tuberculosis, and the right lung contained disseminated tuberculous deposits, more marked in 
the basal area. 

3: Nevertheless there seemed to be complete absence of pleural adhesions on the side of 
collapse, and the mediastinum was freely mobile. 

4: It was hoped that sufficiently prolonged study might throw needed light on the mechanics 
and biology of pneumothorax, especially as concerns the effects of mediastinal mobility upon 
the welfare of the infected contralateral lung. 
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The refills were administered in the usual manner, first at short intervals of 
2, 3, 4, 6, 7 days, and gradually increased. The interval has not thus far 
(April 15, 1928), after 68 refills, exceeded 23 days,—at the patient’s desire, 
The amount of gas injected now averages about 150 cc. The average maxi- 
mum temperature of the patient during the first month of pneumothorax 
treatment was well below 100°F. After two months it remained normal 
except occasionally rising to 99° during the ten premenstrual days. Bed-rest 
was strictly maintained for many weeks, and there has never been a com- 
plete return to normal activities. 

A useful physical sign of mediastinal deviation was the development, as 
already detailed, of an area of amphoric resonance just right of the manu- 
brium. This we have attributed to vibrations of the membranes of the superior 
mediastinum imparted by the underlying trachea. 

At times when the mediastinal displacement was at a maximum, following 
refills, complaint of stitch-like pains in the upper right lung was made. This 
has already been ascribed to a possible tearing loose or strain of the upper 
parietal pleura on the right side. 

Not until the patient had indulged for many weeks in limited walking exer- 
cise was she transported to the X-ray plant on January 24, 1927, about one 
year since first coming under observation. The pictures of the thorax, taken as 
usual in the phase of deep inspiration, were difficult of interpretation. 

It was not until June 23, 1927, that is, 470 days after the first induction of 
pneumothorax, that the patient was viewed under the fluoroscope, when was 
disclosed the impressive spectacle of her respiratory intrathoracic movements. 
The most striking feature of the picture was the optical section of the curved 
border of the mediastinal membranes reaching more than half across the 
diameter of the contralateral lung in expiration (figure 18), and flattening into 
the mediastinal shadow in inspiration (figure 17). The greatest amplitude of 
movement of this arc in ordinary respiration measured three-quarters to one 
inch on the screen. The movements of the left side of the heart were exceed- 
ingly vigorous, and the whole organ moved laterally, with a rhythmic pendular 
swing toward and from the contralateral lung in expiration and inspiration. 
As measured on the films the amplitude of the heart-swing was about three 
inches. 

Knowing, as we do, that there is a progressive tendency to fixation of the 
mediastinum in such cases, we may conjecture that the displacement witnessed 
by us 470 days after the induction of pneumothorax was notably less than 
that which might have been found at an earlier date. 

Both the films and the screen showed slight but obvious inspiratory expan- 
sion of the collapsed left lung. At a later date this seemed to be wholly 
absent, leading to the suspicion that irremediable fibrosis had fixed the lung. 
What is apparently the interlobar fissure between the upper and the lower 
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lobes of the right lung is marked by a horizontal line which moves up and down 
with respiration. We wonder whether Barlow and Thompson (7) would not 
interpret this as an organized exudate following a previous interlobar pneumo- 
thorax. 

We have here, apparently, the conditions for the elucidation of much needed 3 
information in the respiratory mechanics of artificial pneumothorax: a 


What, for example, are the relative effects of diaphragmatic and costal breathing on 
the movements of the mediastinum? 

Are the pendular movements of the heart and whole mediastinum, on the one hand, 
and the bulging mediastinal pleurae on the other, quantitatively parallel or may 
they develop independently? 

With continued diminution of the pneumothorax cavity, what modifications of the 
position and movements of the thoracic viscera occur? 

What biological conditions of the collapsed lung determine fibrosis, and thus 
impede reéxpansion? 


Except for limitation of exercise, social and bodily, the patient had had no 
marked cause to complain of disability for some months, but it was not thought 
expedient to subject her to the more or less fatiguing observations desired 
until August 1, 1927, or 547 days after the induction of left-sided artificial 
pneumothorax. 

It should be noted that the chart of events, showing the volume of air 
administered at each refill, the manometric pressures preceding and following 
each refill and the intervals between them, clearly indicated a decided loss of 
the original mediastinal mobility, as well as a diminution in the pneumothorax 
cavity, by August 1, and this stiffening of the mediastinal structures seemed to 
progress at a more rapid rate up to October 11, 1927, when the last of four 
fluoroscopic studies was made. The chart referred to indicates that the loss of 
extensibility and elasticity of the mediastinal pleurae began in January, 1927, 
about eleven months after the institution of pneumothorax treatment; the 
evidence for this consists in the fact that, at a refill following an ordinary inter- 
val,“high” negative pressures were found, which were, in expiration, made 
positive by as small an amount of air as 100 to 150 cc. It is to be regretted ‘ 
that our studies could not have been made eight months earlier. 

The routine of each examination, as pursued by Dr. Waring and the writer, 
involved fluoroscopic study of the patient, with chest unclad, from the front in 
standing position and then when lying supine upon a table. The observations 
covered the phenomena observed in the thorax on the fluoroscopic screen (1) 
during whole breathing, in which the diaphragm and ribs acted in normal con- 
junction; (2) with pure diaphragmatic breathing; and (3) with pure costal 
breathing. The patient, and at times the observers, placed a hand upon the 
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chest or abdomen, respectively, to obtain assurance that immobility had been 
acquired. It may be said at the outset that a significant result soon developed, 
namely, that while apparently vigorous diaphragmatic respiration alone, 
without participation of costal motion, could be secured, the reverse was not 
true; when a pure costal type of breathing was sought, the screen invariably 
showed a slight respiratory motion of the diaphragm, in normal phase, amount- 
ing perhaps to from one-quarter to one-half the amplitude of its ordinary 
motion. 

Following is an abstract of observations made at our second fluoroscopic 
experiment, August 27, 1927. About 24 hours previously the patient had 
received her 55th refill of 150 cc. of air, after which the (true) manometric 
readings were -10, + 1 cm. H.O; fifteen days had elapsed since the preceding 
insufflation. 


Standing Position 


Ordinary Breathing: The heart appears to be in essentially its normal posi- 
tion. There is a truly pendular swing of the mediastinal shadow, the heart 
itself making the greatest excursion, to the left in inspiration, to the right in 
expiration. The right border of the mediastinal pleura is a well-defined line, 
which seems to connect a point on the inner third of the right clavicle above to 
one on the middle of the right border of the heart below. This mediastinal 
border bellies across the right lung in a smooth ellipsoidal curve like the section 
of an egg with small end above. In ordinary breathing a tangent of the medias- 
tinal arc would appear to move in expiration toward the right chest-wall about 
two-fifths of the diameter of the right (contralateral) lung included between the 
spinal shadow and the lateral wall of the chest. In inspiration this tangent 
would move approximately three-fourths of an inch toward the side of pneumo- 
thorax, but would not fuse, as on previous occasions, with the spinal shadow. 
The range of respiratory movement of the mediastinal pleurae appears to be 
distinctly less than in observations made two months previously. 


With Pure Diaphragmatic Breathing: The respiratory movements of the 
diaphragm were free and ample, and the excursions of the mediastinal pleurae 
were obviously increased. In expiration the right border of the mediastinum 
is smoothly contoured and well displaced to the right (of the patient), and the 
chord of its arc is shortened; in inspiration the curve is flattened, it moves to 
the left and its chord is lengthened. 


With Pure Costal Breathing: The diaphragm still moves in normal phase, 
but with much reduced amplitude, there being no sensible movement of the 
abdominal wall. With costal breathing there appears a kink in the right 
membranous border of the mediastinum, breaking the smoothness of its curve. 
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It appears that the respiratory displacement of the inferior half of the medias- 
tinal pleura is less than that of the upper half. That is, the broad sheet of 
tissue bounding the superior mediastinum bulges further to the left or right 
under varying intrapleural pressure than does the narrow strip of pleural 
membrane which is anterior to the heart and great vessels. 

The explanation of these phenomena anticipates future observations. It 
has been definitely determined that the up-and-down movements of the dia- 
phragm relax or tighten the mediastinal pleurae; therefore, in deep abdominal 
expiration, and with high diaphragm, the lax pleura offers little intrinsic 
resistance to deviation under the expiratory air-pressure in the pneumothorax 
cavity, while the lowered diaphragm of inspiration pulls down the mediastinum 
and in so far restores it to a median position. With the diaphragm relatively 
fixed, as in costal breathing, the mediastinal pleurae will be segmented in its 
degree of respiratory deviation according to its expanse of free surface and the 
relative lateral pressures. 


Supine Position 


Observations with the patient in the recumbent posture were more satisfac- 
tory because less hurried for fear of fatigue. 


With Ordinary Breathing: There seemed to be a greater relative amplitude of 
diaphragmatic motion and more extensive deviations of the mediastinal 
pleurae than in the erect position. This observation confirms the view of the 
relatively increased respiratory function of the diaphragm in the recumbent 
position (cf. Keith (58) p. 195). 


With Pure Diaphragmatic Breathing: The motions of both diaphragm and 
mediastinal pleurae are increased. The left lung, which seems collapsed to 
about one-fifth, or less, of its original volume, appears to show no true inspira- 
tory expansion (the contrary was found two months before). In inspiration 
there is a distinct downward, caudad movement of the upper border of the 
collapsed lung, the amplitude of which covers the breadth of an underlying 
rib. 
This caudad movement of the lung in inspiration is simply a sign of similar 
movement of the root of the lung. That the inspiratory descent is bilateral is 
shown by the similar motion of the horizontal shadow marking the fissure ‘ 
between the upper and middle lobes of the right (contralateral) lung, the head- 
to-foot amplitude of whose respiratory motion has measured on the screen 
as much as two-thirds of an inch. 
These observations would seem to offer a confirmation of Keith’s apparently 
paradoxical statement that the diaphragm is the respiratory motor for the 
apices of the lungs. 
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The explanation, of course, is inherent in the anatomical facts: the peri- 
cardium is adherent below to the diaphragm, and laterally to the reflections of 
parietal (mediastinal) pleurae; these in turn envelop the roots of the lungs, 
whence they pass to their attachments in the upper thorax. It is obvious, then, 
why the diaphragm, with its indirect grasp upon the roots of the lungs, should, 
moving downward in inspiration, tend to open the alveoli of the upper lobes 
and, by lengthening the mediastinum, make taut and straighten the mediastinal 
pleurae. The same movement of the lung roots, which is assumed to pull open 
the alveoli of the upper lung with inspiration, should, we would think, tend to 
compress and close those air-cells below the roots, were it not for the still 
greater downward inspiratory motion of the diaphragm itself. 

Moreover, Keith quotes Dally as having proved that in quiet breathing the 
right dome of the diaphragm descends about 12.5 mm., the left dome 12 mm., 
and the central tendon slightly less than the latter. 

The downward movement of the pulmonary apices in inspiration is assumed 
by Keith, on the basis of tracings obtained by applying a tambour above the 
clavicle, and on the alleged inspiratory descent of the upper margin of pul- 
monary resonance as determined by physical examination. 

He points out another result of diaphragmatic motion of considerable interest, 
namely, that though the internal, mediastinal surfaces of the lungs have, for the 
most part, no expansile respiratory motion, this is not true of their lower 
median sections; for, as the heart descends in inspiration and ascends in 
expiration, there is a corresponding decrease and increase of the width of the 
lower mediastinum, which must produce a notable lateral respiratory motion of 
portions of the lungs below the roots. 

With pure costal breathing there is still slight respiratory movement of the 
diaphragm. The lower third or half of the membranous right border of the 
mediastinum swings during inspiration notably less toward the pneumothorax 
side than in pure diaphragmatic breathing, but the upper part of the membrane, 
bordering the superior mediastinum, makes a greater excursion than the lower 
part, thus breaking the usual smoothness of the area. There is now very little 
up-and-down motion of the superior margin of the left lung with respiration, 
and no true inspiratory expansion of the lung can be detected. The pulsations 
of the heart are exceedingly vigorous, and the pendular movements of the 
mediastinum are conspicuous. 

To sum up: With quiet breathing there seems to be a relative predominance 
of diaphragmatic over rib breathing in the supine as compared with the standing 
position, though this has not been accurately measured. 

All lateral respiratory movements of the mediastinum and bulgings of its 
membranes have diminished in amplitude during the past two months, and 
there is now a tendency for the mediastinum to incline, from above downward, 
toward the side of the pneumothorax, rather than the reverse, as in early obser- 
vations. 
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With pure diaphragmatic breathing there is extensive bulging of the 
mediastinal pleurae, toward the contralateral side in expiration, and back 
toward the middle line in inspiration. 

The respiratory lateral bulgings of the mediastinal pleurae depend chiefly 
upon the rhythmic variation of longitudinal tension imparted to the medias- 
tinum through ascent and descent of the diaphragm. The truly pendular 
movements of the mediastinum, which involve its visceral contents, are not 
especially regulated by the diaphragmatic level. It has not been possible to 
secure isolated costal respiration without slight participation of the diaphragm. 
When the breathing was restricted as far as possible to rib movements alone, 
the pendular motion of the mediastinum, as estimated by the amplitude of 
lateral heart movement, was exaggerated. This means that the deviation of 
the mediastinum as a whole is determined by the ratio of pressures in the two 
pleural cavities, whereas the deviations of the free mediastinal pleurae, though 
dependent on the same cause, are modified by tensions dependent on the level 
of the diaphragm. 

It is worth noting, also, that with pure costal respiration the smooth outline 
of the arc formed by the mediastinal pleurae in expiration is broken by a slight 
kink at its upper third. This is probably due to greater mobility of the ample 
free surface of the pleurae bounding the superior mediastinum as compared 
with the narrow strips of membrane walling the lower anterior mediastinum, 
probably aided by their progressive fixation. The pulsatile ardor of the left 
ventricle was particularly marked when respiration was restricted to the ribs. 

Forty-four days later, on October 10, 1927, a renewed quantitative study was 
made of intrathoracic motions. But, whereas the previous observations were 
made on the day following the 55th refill, those now recorded were made 
fourteen days after the 57th refill; the 58th refill was made on October 11, at 
which the manometric true pressures were, before refill, —14, —2, with 150 cc. 
of air introduced: and after refill —9, +-2. 


Standing Position 


With Ordinary Breathing: In accord with the lowered pressures within the 
pneumothorax cavity, in the standing position, with whole breathing, the 
plane of the mediastinum inclined downward to the left. There was a rather 
sharp bend of the mediastinal pleura to the left between the upper and middle 
thirds; this means that the lowered pressure within the pneumothorax cavity 
tends to cause bulging of the superior mediastinum toward that side. 

The pendular movement of the heart was obvious; the apex reached within 
0.5 inch of the left costal wall in inspiration. The mediastinal pleura moved 
in expiration to not more than two-fifths the diameter of the lung and its 
range of movement was about 0.4 inch. The right cusp of the diaphragm 
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stood about 0.5 inch higher than the left: the former had an excursion of 0.5 
inch, the latter somewhat less. 


With Pure Diaphragmatic Breathing: The apex of the heart, as measured on 
the screen, was about an inch to the right of the left costal wall. There was 
scarcely any pendular motion of the mediastinum, the amplitude of cardiac 
respiratory motions not exceeding an eighth of an inch, but the up-and-down 
motion of the upper border of the left ]ung and of the interlobar fissure of the 
right lung were plain with expiration and inspiration, and the amplitude of 
motion was about 0.25inch. The right border of the mediastinal pleura reached 
about two-fifths across the right lung in expiration, and had an amplitude of 
respiratory motion of less than 0.25 inch. 

With Pure Costal Breathing: The heart apex moved at least 0.5 inch to the 
left in inspiration. The right mediastinal pleura had a respiratory excursion 
of 0.25 inch (note that the mediastinal bulging as a function of diaphragmatic 
elevation was modified by the low pneumothorax pressure). 


Supine Position 


In the supine position the heart appeared to rotate, so that its left border, 
and not its apex, was nearest the left costal wall. This curve of the left 
ventricular border did not reach within an inch or more of the left costal wall. 


With Ordinary Breathing: The right border of the mediastinum in expiration 
reached a third across the right lung. The apex of the vigorously beating 
heart moved with a lateral respiratory motion of about one-third of an inch to 
the left in inspiration. Each cusp of the diaphragm was well curved; each 
moved down in inspiration about 3? inch and the right cusp stood 1} inches 
higher than the left. 


With Pure Diaphragmatic Breathing: The right border of the mediastinal 
pleura moved in expiration to nearly half the diameter of the right lung. With 
expiration and inspiration there was a wide up-and-down motion of the heart, 
but only a very slight lateral motion, not more than 0.25 inch. 

The upper border of the collapsed left lung had an up-and-down nonexpan- 
sile motion, caused by the diaphragm, of 0.2 inch, while the interlobar fissure of 
the right lung had a similar motion of an amplitude of two-thirds of an inch. 


With Pure Costal Breathing: The right mediastinal pleura moved in expiration 
across only one-fifth to two-fifths the diameter of the right lung. The Je/t 
border of the mediastinum, as noted at the root of the left lung and its free 
border, for the first time in our observations, had a decided lateral respiratory 
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motion of 0.25 inch or more to the /eft (side of pneumothorax) in inspiration 
(due to the lowered pneumothorax pressure). There was still a slight respira- 
tory motion of the right cusp of the diaphragm, and but a very slight motion of 
the left cusp. The left lung had no detectable inspiratory expansion, but its 
upper border moved down and up in inspiration and expiration with an ampli- 
tude of about one-eighth of an inch, while the interlobar fissure of the right 
lung moved with nearly twice this amplitude. The latter facts correspond, of 
course, with the respective residual motions of the diaphragm. 


Summary 


The observations which have been portrayed appear to offer solid ground 
for deductions as to the course of events within the thorax after complete 
artificial collapse of the extensively diseased left lung. 

While the pendular motions of the whole mediastinum and the arc-like 
deviations of the flexible and free portions of the mediastinal pleurae have the 
same cause and are quantitatively similar when unmodified by adhesions, these 
motions are largely dissociated at a later stage of the clinical history. 

It will be seen (figures 16 to 20) that comparatively early in the pneumo- 
thorax treatment there was wide pendular swinging of the whole mediastinum. 
Later on in the course of treatment both movements become progressively 
restricted, but the pendular movement to a greater degree. Moreover, the 
tendency to complete elimination of the pneumothorax cavity is shown by the 
increasing mean inclination of the mediastinum toward that side. The 
obliteration of this cavity must depend primarily upon reéxpansion of the 
collapsed lung, in default of which there is approximation and increased 
inclination of the ribs and ascent of the diaphragm on the affected side; added 
to which, and probably most important of all, is deviation of the plane of the 
mediastinum, which stiffening and adhesions make progressively more difficult. 
Keeping pace with this displacement is compensatory hypertrophy of the 
contralateral lung. 

An interesting outcome of our experimental observations was the demon- 
stration that approximately isolated costal breathing had a marked influence 
on the pendular swing of the mediastinum as a whole, while pure diaphrag- 
matic breathing has comparatively little effect. The reverse was true as re- 
gards bulging of the flexible mediastinal pleurae, dependent on the relaxation or 
tautness, respectively, of the membranes with ascent and descent of the 
diaphragm. With the lapse of time and progressive diminution of the pneumo- 
thorax cavity, the pendular motions of the mediastinum became relatively 
more restricted than the vertical motions of the lung which are activated by 
the diaphragm. The freedom from pleural adhesions on the upper anterior 
surface of our patient’s right lung was effectually demonstrated by the 
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up-and-down motion of the visualized interlobar fissure during diaphragmatic 
breathing. 

It would seem desirable to look for such evidence of pleural motion as a 
routine in general clinical cases. 

We have not yet had the opportunity of estimating pulmonary movements 
by observation of bronchi defined, as by lipiodol. 

It was hoped that study of our patient would contribute definite information 
of the effect of a pronounced degree of mediastinal mobility upon a contra- 
lateral lung, itself seriously infiltrated with tuberculous lesions, especially at 
its base where most subject to mediastinal deviation. 

Though the subjective well-being of the patient, her satisfactory standard 
body weight 120-125 pounds, normal for her size, her habitually normal 
temperature, are most encouraging, we are not prepared to venture a prognosis, 
since it has been found that moderate exertion is prone to develop symptoms 
of toxaemia. 

Figures 19 and 20 are pictures of her chest taken in inspiration and expira- 
tion March 24, 1928, 725 days after the initial induction of pneumothorax. 
They should be compared with figs. 16 and 17 taken 275 days earlier. Each 
pair of films was made eight days following a refill under closely similar intra- 
pleural pressures. The arrow in figure 20 points to what seems to be the 
membrane of the superior mediastinum bulging toward the pneumothorax side 
under stress of the lowered tension in inspiration. 

Though progressive restriction of the left pleural cavity is in evidence little 
encouragement is offered for its eventual obliteration. 

Apparently pneumothorax has accomplished for the patient what no other 
treatment could have achieved; still we can wish that earlier treatment, 
opposed by far less formidable lesions, might have been attempted through 
“selective collapse.” 


In conclusion, it is a pleasure to acknowledge the cordial codperation of Dr. H. J. Corper, 
Director of the Research Department of the National Jewish Hospital, who has made possible 
the production of illustrations for this paper. 
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NECROPSY FINDINGS UNDER CRACKED-POT TYMPANY: 
JOSEPH WALSH 


Cracked-pot tympany (bruié de pot félé of Laénnec) is found sometimes 
over pulmonary cavities; sometimes over lobar pneumonia when the 
consolidation is at its height; occasionally over acute bronchitis, espe- 
cially in children; over normal lungs of crying children during expiration; 
and above (not over) a pleural effusion. The cause of this peculiar 
percussion note must therefore, be sufficiently broad to include these 
different conditions. 


Case 1: In December, 1918, I came across a case (no. 296) in the United States 
Army General Hospital No. 17, which manifested cracked pot in two situations 
where necropsy showed superimposed cavities in each situation. After various 
experiments with human and animal lungs I concluded that superimposed 
cavities might prove to be the cause of cracked-pot tympany, and I described 
the findings in an article in the Journal of the American Medical Association 
(November 29, 1919, lxxiii, 1656). Since then I have encountered the follow- 
ing cases with cracked pot which I have had the opportunity of necropsying: 


Case 2: Cracked-pot tympany over upper half of left upper lobe anteriorly; 
the necropsy showed superimposed cavities in the way of a large cavity in 
front with several smaller cavities behind. 


Case 3: Cracked-pot tympany over most of the right upper lobe, over the 
middle lobe, and over the upper part of the left upper lobe anteriorly (in other 
words, in three different situations) ; the necropsy showed superimposed cavities 
in that all three lobes contained numerous small cavities. 


Case 4: Cracked-pot over the upper part of the right upper lobe; the necropsy 
showed two large cavities superimposed. 


Case 5: Cracked-pot in right second interspace near sternum; necropsy showed 
two cavities superimposed, one 2 cm., the other 2.5 cm. in diameter. 


1 From the White Haven Sanatorium and the Laboratory of Postmortem Pathology of the 
Philadelphia General Hospital. 
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Case 6: Service of Dr. McLean, Philadelphia General Hospital. Cracked- 
pot tympany over right upper lobe during life and on percussion of lung after 
removal from body at necropsy. Section showed superimposed cavities. 


Case 7: Cracked-pot over right first and second interspaces from the sternum 
to the external margin of the lung; necropsy showed a large cavity in the upper 
lobe and another large cavity at the apex of the lower lobe immediately behind. 
In the previously described cases the cracked-pot sound was found during life; 
in this there was no examination recently before death, but the cracked-pot 
tympany was very typical after death before the body was opened. 


In other words, I found cracked-pot tympany in seven different 
patients in altogether ten different situations, each one of the ten showing 
superimposed cavities at necropsy, and I encountered no superimposed 
cavities not showing it. 

On May 9, 1925 I came across the following new variety of case: 


Case 8: Female, aged twenty-one (no. 4285, White Haven Sanatorium). 
Typical cracked-pot tympany in right first interspace one inch from sternum 
after death, but before the body was opened; the patient was not examined 
recently before death. Underlying was found air-bearing tissue surrounding 
a fibrous mass containing in its centre a bronchiectatic cavity. Between the 
fibrous mass and the chest-wall was about 1 cm. of slightly emphysematous 
air-bearing tissue. Through the fibrous mass ran an enlarged and thickened 
bronchial tube (lumen 4 mm., wall 2 mm.); and at the centre of the mass was a 
dilatation of this bronchus about 1 cm. in diameter. 


In other words, there was a central consolidation surrounded by air- 
bearing tissue, which ordinarily gives tympany,? and this consolidation 
further surrounded a cavity likewise capable of giving tympany. There 
was, therefore, in this case a condition of superimposed tympanies which 
produced a cracked-pot tympany. This appears to me to give force to 
my contention that the cracked-pot sound is usually produced by super- 
imposed cavities. 

The application of these facts to its occurrence in pneumonia, above 
a pleural effusion, and in crying children, affords a more satisfactory 
explanation than the one usually offered, namely, relaxation of the lung. 
In pneumonia the tissue is consolidated around the bronchial tubes, so 
that they act practically like superimposed cavities, sometimes open, 


? Walsh, J.: Comparison of the pathological findings in the lungs with the recorded clinical 
signs, 5th Annual Report, Henry Phipps Institute, 1907, p. 316. 
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sometimes occluded, only in the former event producing the cracked- 
pot sound. Abovea pleural effusion the normal lung is compressed about 
the bronchial tubes, and since there is no secretion to occlude them the 
sound is very common, much more common, for instance, than in 
pneumonia. 

An analogous condition prevails in crying children. Fluoroscopic 
examination reveals that if we exhale all the air possible, and then cough 
several times, we can raise the diaphragm to the third and even occa- 
sionally the second rib, thereby compressing the lung to this extent. 
The effort of the crying child is practically entirely expiratory, producing 
a similar condition, and one not unlike that above a pleural effusion. 
In addition, the bronchial tubes of the child are larger in proportion to the 
lung space, and give the sound of cavity more evidently. 

The common explanation that cracked-pot tympany is produced in 
tuberculosis over a large cavity freely communicating with an open 
bronchus is not borne out of necropsy. In this series of eleven positive 
cases, five exhibited only small cavities. And in my experience of quite 
a few cases, in which the necropsy showed almost an entire lung hollowed 
out, previous examination was never associated with cracked-pot. In 
addition, cavities of this magnitude, or even of the entire left upper 
lobe, are so large that it is scarcely possible to conceive that the bronchi 
opening into them,—the largest bronchi found at the hilum of the lung,— 
could be constantly occluded. 


CONCLUSION 


From necropsy study of eleven cases it would appear that, when cracked- 
pot tympany occurs in tuberculosis of the lungs apart from pleural 
effusion, the diagnosis of superimposed cavities is practically assured; 
the single exception found in these cases was associated with a rare con- 
dition in which a combination of cavity and central consolidation existed, 
so that a blending of superimposed tympanies was produced. 


THE PLACE OF ORIGIN OF THE NORMAL BREATH- 
SOUNDS 


CHARLES M. MONTGOMERY! 


Even to-day there is no unanimity as to where the normal breath- 
sounds arise, some claiming a laryngeal, some an infralaryngeal, and 
still others a dual origin. Laennec, Skoda, Walshe, and Flint all placed 
the source of the inspiratory sound within the chest. The laryngeal 
origin found an enthusiastic champion in the late Colonel George E. 
Bushnell (1) (2), whose evidence should be investigated in detail. He 
said he was anticipated nearly a century by Beau (1834), whom he calls 
“the discoverer of the mode of production of breath sounds.” Bushnell 
stated that when he would flatten his own vocal cords against the sides 
of the larynx breath-sounds would disappear from both larynx and chest. 
From this he concluded that the chest-sounds are derived from the 
larynx. However, is this a post hoc or propter hoc sequence? According 
to Bushnell both low and high-pitched sounds are produced in the larynx 
during breathing, the former being reinforced by the thorax as a 
resonator. 

The supporters of the laryngeal theory have not combated convinc- 
ingly certain objections to their view. Some of these will now be 
presented. 

Normally, the expiratory chest murmur, when present, is weaker, 
shorter and lower pitched than the inspiratory one, while over the 
larynx the expiration is louder, longer and higher pitched than the 
inspiration. No matter how low-pitched the whisper over the larynx, 
over the chest it is normally feeble or absent, which is not to be explained 
by the weak expiratory air current. Normally there is no distinct 
interval between inspiration and expiration over the chest as there is 
over the larynx. The voice-sounds, and, according to Austin Flint (3), 
sometimes sounds produced during expiration and whispering, are 
greater on the right side, the side with the weaker inspiratory murmur. 
Over a lung with compensatory emphysema the inspiratory sound may 


1 Asheville, North Carolina, 
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closely approach the laryngeal in loudness, but without any correspond- 
ing increase in the voice-sounds. 

Many conditions permit normal transmission of voice-sounds while 
the breath-sounds over one side are diminished or absent, and over the 
other normal or exaggerated; for example, early and late stages of 
pulmonary and pleural inflammation, paralysis of the intercostals as in 
hemiplegia, and other conditions associated with loss of pulmonary 
movements. Expiration, even more often than inspiration, is abolished. 
In chronic bilateral emphysema the inspiration may be diminished or 
absent, with little change in vocal fremitus and resonance (Austin Flint). 
In other words, without change in the laryngeal sounds or their con- 
duction, the thoracic breath-sounds can show wide variations in intensity. 

Outside the body, lungs from large animals and small, as well as 
portions of lungs, can yield very fair “inspiratory”? sounds on proper 
inflation, and much weaker “expiratory” sounds on deflation. The 
“inspiratory” sounds are loud, and give the impression of being higher 
pitched than normal, because the chest-wall, being absent, no longer 
reflects sounds of all pitches, and is not set in vibration by the low- 
pitched ones. A lung, removed from the body and placed in an air-tight 
chamber, has been expanded and deflated by negative and positive 
pressure exerted on the pleural surface with the production of very 
satisfactory “‘breath” sounds. 

In rabbits breathing normally, the inspiratory chest-murmur remains 
unaltered despite various manipulations of the trachea, including the 
introduction of tubes of various lengths, even when the tracheal sounds 
are nearly or entirely eliminated and the thoracic expiration is abolished. 
Extraneous sounds introduced into the trachea may be heard over the 
chest during expiration, but during inspiration are either inaudible or 
heard faintly as sounds definitely additional to those of inspiration. 
With the lung inside the body of a dead rabbit inflation through a long 
tube, used to favor low-pitched sounds, yields a good “inspiratory” 
chest-sound, and deflation a very feeble “expiratory” sound, partly or 
wholly extrapulmonary. 

In all cases of artificial manipulation of the larynx, as in the experi- 
ments cited, or when a tracheotomy tube or bronchoscope is in place, 
the chest-sounds are traced by the supporters of the laryngeal origin to 
new sounds generated in the larynx or trachea, or in association with the 
instruments. Even predominantly high-pitched sounds are said to be 
combined with low-pitched ones, which set the thorax into vibration and 
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so cause the normal breath-sounds. If this were true the laryngeal 
whisper should yield more sound over the normal chest. 

Those who believe that the normal inspiratory murmur, and often 
the expiratory one as well, arise in the lungs, differ as to a more exact 
localization. I (4) prefer the theory that the normal breath-sounds are 
traceable to vibrations of the delicate pulmonary tissues, excited by 
currents of air, induced by activity of the respiratory muscles. The 
pulmonary sounds commonly set the chest-walls into vibration. This is 
too feeble to be recognized by the unaided ear separated from the chest, 
but is distinct if the bell of the stethoscope is applied lightly to the chest, 
and is indistinct if firm pressure is used. ‘There is no actual reinforce- 
ment. If a circumscribed portion of the chest-wall of a rabbit is re- 
moved, only enough being left to prevent pulmonary collapse, much 
louder sounds are heard than over the intact chest-wall. Expiration, 
especially in children, may include sounds derived from the larynx, 
comparable to the whisper sometimes heard normally. Any possible 
inspiratory sounds from the larynx are obscured by the pulmonary 
murmur. 
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FACTORS IN THE PATHOGENESIS OF TUBERCULOSIS::: 
With a Preliminary Discussion of Activity 
ALLEN K. KRAUSE 


This address starts with the premise that the term Pathogenesis, ap- 
plied to tuberculosis, seeks to define a purely clinical concept. Modern 
medicine has made it plain that anatomical effects of tubercle bacilli 
quite commonly, and, indeed, rather characteristically exist in the body 
without appreciable disturbance of the economy of the human organism. 
After bacilli are teceived, tuberculous foci form; they evolve and subside, 
they come and go, they reproduce and spread, they remain engrafted 
throughout a lifetime; meanwhile, if situated away from the surface 
of the body, they pursue their course entirely unknown to their posses- 
sor, and unfelt. If (let us imagine) they do affect function, the exalta- 
tion or depression is not marked enough to transgress physiological limits; 
for it is not noticeable by the host and not to be measured as abnormal 
by the observer. Quite likely the vast majority of all tuberculous 
formations are, in our day and in our civilization, of this type. For the 
possessor they are, as it turns out, as though they had never been; yet, 
again for the possessor, they represent the potential seeds of untold 
trouble,—of disease and disability and death. 

All this has become so well understood that efforts almost innumerable 
have been made to wring from the patient and the work-bench the secrets 
of what we may call the genius of tuberculous infection. Not a few 
writers have proceeded upon the assumption that in and after the act of 
tuberculous infection there must be at work some dominant influence or 
influences that will determine the course an infection is to take. Some 
have looked for effective or decisive attributes of parasite; others for 
moulding or governing properties inherent within the host. Or, de- 
spairing of this line of inquiry, still others would be content if only they 
could recognize and become familiar with the earmarks of tuberculous 
infection which is in essence deranging and disabling as against that which 


1 From the Kenneth Dows Tuberculosis Research Fund of the Johns Hopkins University 
and Hospital, Baltimore, Maryland. 

2 Presented in part at the annual meeting of the College of American Physicians, New 
Orleans, Louisiana, March 6, 1928. 
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will go its way unheralded and unseen. We medical men are no excep- 
tion to the run of mankind in our ardent eagerness for a sign; and some of 
us have professed to see the signs of ‘“‘good” versus “evil’’ tuberculous 
infection: sometimes in the structure of the tuberculous process itself, 
as we have visualized its image out of the evidence of auscultation or out 
of its shadow on the roentgen-film; sometimes in the vigor and extent 
of the specific reaction of allergic tissues; or in the behavior of the blood- 
serum subjected to one or another of several tests. 

However, here in tuberculosis also, as in every other one of its realms, 
Medicine, it will not be unfair to state, remains in practice the art it 
always will be and must be whenever it deals with the patient. The data 
that will betray the character of a human being’s tuberculous infection 
are not to be found apart from the patient; and appraisal will approach 
accuracy only as the whole man passes under observation. Not froma 
one or a four-plus reaction, not from a fainter or brighter red, not from 
a dearth or shower of stethoscopic noises, not from a screen or film 
conveying merely the shadowed densities of the morbid process, not even 
from the tuberculous focus itself brought to light at autopsy or biopsy, 
may the effects of a tuberculosis be estimated,—the effects, past, present 
and prospective, in those cases in which interpretation and decision 
can be of most value. Up to a certain point, a point that is usually 
well along in the history of an infection, it is the effect upon the man, 
far more than, say, upon the lung, that will count in leading us to an 
opinion as to what his now-discovered foci of tubercle mean and have 
meant to him, and therefore what they probably will mean to him. 

For it is only as a person is disturbed by tubercle that he has tubercu- 
losis that is pathogenic, that is, originating illness. We might, if we 
wished, give the term a quite limited significance, and restrict its use to 
the first dawning of noticeable dysfunction or illness in any particular 
case. But the natural history of tuberculosis proclaims that clinically 
it is a notoriously relapsing disease. In its earlier phases a fair propor- 
tion of victims enjoy even years of complete freedom from illness, dur- 
ing which they possess unimpaired function and capacity for work. 
When some of these again break down, as often happens, they enter a 
new era of pathogenesis; and there is no reason to believe that this 
pathogenesis of relapse or exacerbation is conditioned by factors that 
categorically are unique, and different from those that lead to first patho- 
genesis. There may be differences of quantity, but surely there are none 
of kind or quality. 
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DISCUSSION OF ACTIVITY 


In a way Pathogenesis is synonymous with Activity in any discussion 
of tuberculosis. However, the present relation does not conceive of the 
two terms as meaning exactly the same thing. If, broadly, Active 
Tuberculosis refers to any and every state of tuberculous infection that is 
giving rise to manifest functional signs of its presence, then Pathogenesis 
may be used to denote the transition from a state of entirely unfelt 
infection to one of activity,—of everything connected with this act of 
transition as well as the period of transition itself. Activity may com- 
prehend a shorter or longer period in the course of an infection, from a 
quite transitory episode to one prolonged uninterruptedly through years. 
Pathogenesis has to do with the awakening of activity, whether this is 
setting in for the first time or is being repeated in the individual case. 
Accordingly, in any discussion of pathogenesis we must keep clearly 
before us what we are to understand by Activity. 

Any definition of Activity will be moulded by the purpose of the user 
of the term. For instance, every student of tuberculosis recognizes 
that tuberculous processes evolve along a line or cycle of anatomical 
changes that represent a more or less step-like progression of possibilities 
of increasing gravity or seriousness so far as the infected organ and body 
are concerned. 

In other words, if observed to develop in a rather characteristic way, 
a process is conceived of, and rightly so, as “advancing.” In a similar 
manner, tuberculous formations may give out signs of retrogression, 
and thus engender ideas of anatomical arrest, or scarring, or healing. 
Either anatomical progression or retrogression may, on occasion, be 
predicated from physical signs or X-ray appearances, altogether inde- 
pendently of the functional capacity of the patient. Indeed, the im- 
pression gained from the anatomical status or course may, not infre- 
quently, be at variance with that based upon the patient’s functional 
(clinical) condition at the time. 

Increasingly refined methods of physical exploration have made it 
possible to reconstruct visually the underlying structure of tuberculous 
processes with constantly improving fulness and accuracy. It is no 
wonder therefore that this circumstance has tempted not a few phthisiol- 
ogists to determine the clinical status of cases, and to predict their course, 
from anatomical particulars. Hence the term Pathological Activity 
which has been coming into usage. Fettered by the more rigid require- 
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ments of purely functional or clinical concepts of activity, a number of 
writers have maintained that in tuberculous infection there is an activity 
expressed by purely pathologico-anatomical changes (at least for a time), 
which may be estimated and used decisively in both diagnosis and 
prognosis. 

The contention is undoubtedly based upon an element, a modicum, 
of truth. If, too, a closer attention to anatomical particulars could give 
us, without immoderate error, a satisfactory estimate of what a fair 
proportion of tuberculous infections were about to do to the patients 
concerned; if, say, in the absence of clinical manifestations, it could 
with fair accuracy select asymptomatic patients for treatment; if, in 
other words, it could really anticipate with some precision the onset of the 
functional derangements of tuberculosis, the employment of so called 
pathological activity as a guide in diagnosis could be nothing else than 
praiseworthy. 

For it will be conceded that anatomical changes must precede any 
functional disturbance to which they give rise, and the main effort of 
diagnosis in tuberculosis has ever, in modern days, been directed to 
pushing diagnosis further and further back into the history of the indi- 
vidual infection. Even in this era of a perfected sanatorium regimen 
and collapse therapy it remains as true as ever it was that the chances of 
ultimate cure of tuberculosis improve immeasurably as treatment is 
instituted early rather than later. 

We can imagine certain anatomical changes, or, better, ensembles of 
changes, that are so definite, so marked, and so characteristic that of 
themselves they can hardly mean tuberculosis in any other state than 
active clinically. But it is certain that such instances become more than 
probabilities as to status only as the disease concerned enters the more 
advanced stages, when too it will be documented as active by less equivo- 
cal evidence. There are exceptions to the general proposition; but by 
and large it is in the case of the earlier tuberculous processes, anatomi- 
cally speaking, where something besides symptomatic evidence of activ- 
ity, and antedating the latter, could be of greatest service in diagnosis, 
if only it would work and with some precision select patients for treat- 
ment. It is certain that the data of pathological structure willnot supply 
the desired information. There is no known type of anatomical changes, 
except complete fibrosis, or combination of changes, which has anything 
intrinsic to assure activity or inactivity of focus. Under the proper 
circumstances practically every one of them can lead to symptoms, that 
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is activity, just as practically every one can exist without symptoms. 
The “proper circumstances” are, so far as we know, influences outside the 
foci and acting through the body and the organ involved. Then, as we 
shall see, when these influences are brought into play, foci hitherto inac- 
tive, or temporarily so, become active,—even precipitately sometimes 
and under conditions that will allow no opinion of focal structure acting 
as the decisive influence. In other words, pathogenesis has taken place, 
as foci remained unaltered, but as bodily activity underwent changes. 
In this connection we may set down the fruit of an enormous clinical 
experience, with which we agree. It is Friedrich von Miiller writing 


(1): 


We know that fibroid scar-tissue is the result of a proliferative process, and we 
know that a fresh inflammatory infiltration usually represents the more exuda- 
tive pneumonic character, but we cannot foresee whether an infiltration will 
turn to necrosis, caseation and destruction, or whether proliferative processes 
will prevail and lead to the formation of connective-tissue and scars. 

Even an acute and rather extended pneumonic exudative infiltration does not 
necessarily turn to caseation and the formation of cavities, but not seldom it 
runs a benign course, diminishes in size and leaves a net-work of fine fibrous 
bands. The differentiation between exudative and proliferative tuberculosis 
is an expression of the momentary anatomical state, but not of the issue of the 
disease and the fate of the patient. 


von Miiller was speaking of prognosis and of diagnosis, of the course of 
tuberculosis in cases in which illness is definite and well marked. He 
introduced the above remarks with the statement that ‘‘the modern dis- 
tinction between exudative and proliferative tuberculosisis only of anatom- 
ical but not of clinical importance for the doctor.”’ If the opinion is 
sound as concerns well-defined disease, how much more forcibly can it 
be applied to earlier and more obscure and equivocal cases, in which, in 
general, both anatomical and functional evidence of the infection will be 
less plainly expressed! 

One need have no quarrel with the term Pathological Activity provided 
it is applied correctly. Kept in its place, and used there, it can be of 
service. In the case under treatment, for instance, definite anatomical 
alterations, for worse or for better, suggesting impending tendencies to- 
ward failure or improvement of the patient during a period when symp- 
toms remain stationary, may conceivably lead us to modify treatment 
to the advantage of the patient. But, in the present state of our in- 
formation, Pathological Activity, if used widely in diagnosis, and especially 
first diagnosis, would, by and large, be likely to result in egregious error. 
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For, after all, if we ask ourselves why we bother at all with the question 
of activity in tuberculosis, we find that it is for the purpose of arriving at 
a practical diagnosis. The detection of a condition of tuberculous in- 
fection has been shorn of all difficulty and most of its doubt. But ex- 
perience and common sense have taught us that tuberculous infection, 
of itself, need not be and usually is not of significance. For practical 
purposes a diagnosis of tuberculosis aims at the detection of tuberculous 
infection with a difference, the difference consisting in manifestations 
that render the subject a fit case for treatment. Obviously, we cannot 
commit all the infected to treatment; nor would we gain anything if we 
could. Where then draw the line? 

We might arbitrarily settle upon any one or a combination of stand- 
ards. We might, for instance, hit upon a certain measured vigor of skin 
reactivity to tuberculin as the line beyond which no tuberculous person 
should go untreated. Something like this has been suggested; but it is 
common clinical experience to find every intensity and degree of cutane- 
ous allergy, even the greatest, existing in many people of every age whoare 
in perfect health and who later do not fall ill with tuberculosis; while at 
the same time persons with but a trace of reactivity are not rarely found 
to be down with the disease at the time the test is given, or come down 
with it shortly afterward. 

We find a not dissimilar set of conditions limiting the usefulness of 
serological tests when these are called upon to carry the load in deter- 
mining activity. And only a limited experience should suffice to con- 
vince the unprejudiced observer that any anatomical standards would 
likewise fall far short. They would undoubtedly commit to treatment 
numbers of persons who would not fall ill if let alone, while their absence 
would be found to be a sorry and treacherous warrant that illness was not 
present or impending. 

In any appraisal of the state of a tuberculous infection we, as medical 
men, must again be mindful of the purpose at hand. For special pur- 
poses there may be estimates that are to be based on somewhat special 
considerations. To come upon the anatomical marks of the infection in 
a recruit for the army or a candidate for disability or life insurance in- 
troduces standards of interpretation that may differ from those applied 
to the subject in ordinary life. An army career postulates exposure to 
undue hardships, and the effect of undue hardships upon existing tubercle 
postulates likelihood of activation; at the same time a soldier invalided 
by tuberculosis is only too likely to become a years-long pensioner of the 
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Government. Similarly, candidates for disability or life insurance are 
selected according to scales of comparative risks, and anatomical tubercle 
of a certain kind and extent may detract from full or required expec- 
tancy, no matter how inert the foci may be or may have been. We may 
therefore in such special instances arrive at a diagnosis of significant tu- 
berculosis,—significant in view of the particular conditions that are tobe 
fulfilled. 

But in medical practice we face a problem that calls for a practical 
diagnosis, in performing which we aim to satisfy what in the circumstances 
will be best for the patient, his family and society. In furtherance of 
this it must be plain that a subject’s past and present ability or inability 
to live a customary normal existence must be our guide. It is now lapse 
of capacity that spells activity of infection, and calls for action,—in this 
case the prompt institution of treatment. The clinical or symptomatic 
gauge or standard of activity is not perfect. It will have its exceptions, 
and now and again, if adhered to too rigidly, its tragedies. But we sub- 
mit that we have no better standard, and that, as a working rule, it will 
result in fewest mistakes and pitfalls for the practitioner. It involves, 
moreover, relatively simple concepts, to be arrived at by the simplest of 
means. All that is necessary is the determination of three elements. 
These are the anatomical manifestations of tuberculous infection, the pres- 
ence of symptoms, and the assurance that the symptoms are due to the infec- 
tion. Given these, there is active tuberculosis. Let one feature be lack- 
ing, and either the infection is not active or a tuberculous infection can- 
not be proved to exist. 

However, the case for activity is not yet complete. In any determina- 
tion of activity, one condition more remains to be satisfied before the indi- 
vidual patient’s status can be settled. 

This is the patient’s tolerance of stress. If a man with anatomical 
tuberculosis complains of any of the well-known symptoms that can be 
correlated with his infection, or if these symptoms are apparent to the 
examiner, it is enough: he has active tuberculosis. But if a man with 
foci of tubercle alleges that he is entirely free from symptoms and if he exhibits 
none, it ts not enough: he must be put to some kind of a functional test. 

Such a test may comprise any convenient form of overactivity, and 
usually of a physical nature, when the effects should be carefully observed. 
Complaints or objective evidences of symptoms now become significant. 
Chief of these is fatigability, or lack of endurance, or abnormal tardiness 
in recovering from fatigue; important is abnormal height or depression 
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or range of temperature, or cardiovascular or digestive irritability and 
instability, or onset or accession of cough or expectoration. If such 
symptoms make their appearance in the circumstances, it means almost 
inevitably that the patient has in truth been having symptoms, no doubt 
slight, notwithstanding his denial. It surely means that the balance 
between his foci and his organism is being so delicately maintained that 
it can be easily upset, and that toward the side of appreciable activity. 
His case may accordingly be classed as active. 

We would therefore designate as active any and every case of tuberculous 
infection in which symptoms are occurring spontaneously or in which they 
can be elicited, and in which such symptoms result from the presence and 
activities of the tuberculous processes. 


Before leaving this lengthy preliminary discourse on activity it is de- 
sirable, and perhaps necessary, to refer to one important consideration 
on which we should think straight in any and every application of the 
term. Briefly it is this: That any and every symptomatic evidence of 
dysfunction due to tuberculosis means activity of the disease: that the slight- 
est symptom lifts a case out of the category of latent, or quiescent, or inactive 
tuberculosis, and is enough to make 1t active: that for as long as the slightest 
symptom exists or can be elicited a case must be considered as active. 

The puny, the stunted, the lackadaisical child has really active tubercu- 
losis if it can be shown that its faulty development or impaired vigor is 
due to an underlying tuberculous infection. Too frequently repeated 
“colds” in persons of all ages, who are meanwhile never just quite well, 
or who tolerate the winters poorly, often mean active tuberculosis: of a 
low grade, it is true, yet not seldom prolonged for years,—and not a 
“pretuberculous” condition or one of “latent tuberculosis,” as it is 
sometimes called. Phlyctenular conjunctivitis and tuberculides in chil- 
dren with otherwise complete health are surely evidences of activity if they 
are expressions of tuberculous infection; as are merely episodes of fever, 
transitory though these may be. All such clinical manifestations mean 
that foci of tubercle are exerting an effect on the body. Whenever this 
happens, and for as long as it happens, we must conceive of the processes 
concerned as active. 

It would appear that at present a large proportion, perhaps the major- 
ity, of cases of above and similar types are not regarded as instances of 
active tuberculosis. As just mentioned, “‘pretuberculosis” and “latent 
tuberculosis” are favorite characterizations of them, as physicians await 
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the appearance of more clearly cut manifestations before classing them as 
active. Every generation of physicians has had its own idea of what set 
of symptoms must be arrived at before a condition attained the dignity of 
“phthisis”’ or, now, active pulmonary tuberculosis. A century ago Bayle 
dated the disease from the appearance of “cough, general malaise and 
febrile episodes:” this was his phthisie commengante. But he did come 
across pulmonary tuberculous foci in the cadavers of subjects who had 
not reached this incipient symptomatology. This state of affairs he 
designated phthisie occulte, ou germe de la phthisie. He told how sub- 
jects with occult phthisis had no symptoms that would make one suspect 
that they had phthisis (aucun symptéme ne fait craindre la phthisie). 
Yet when we examine Bayle’s protocols we find that his patients had 
symptoms enough,—repeated “colds,” amenorrhoea, cough, fever, 
etc.—well nourished and vigorous though they appeared; and, indeed, 
we may be certain that some of Bayle’s patients exhibiting his “germof 
phthisis” really died of miliary tuberculosis. 

The trouble was that Bayle had too sharp and rigid an idea of how a 
patient must “shape up” clinically in order to be regarded as phthisical. 
Like all older physicians it was difficult, yes impossible, for him to think 
of phthisis without its falling off in flesh and vigor. Notwithstanding our 
long strides in the century since Bayle, we are now and again impressed 
with the traces of the old point of view that remain to-day,—to the great 
detriment of good diagnosis in tuberculosis; only now attention is centered 
on the body temperature. And, just as we so frequently read of patients 
under treatment having their classification changed to quiescent, or 
arrested, or inactive, upon the return of temperature to normal, and os- 
tensibly on this basis alone, so we find numbers of physicians apparently 
unable to comprehend tuberculosis as active unless and until the tem- 
perature is elevated. It will mark a great advance in diaghosis when the 
generality of medical men give up the idea that elevation of temperature 
is the chief and most significant symptom in pulmonary tuberculosis or 
the sine qua non of activity. Although this is not a disquisition on 
Diagnosis it may not be out of place here to plead for the exaltation of 
fatigability, loss of tone, disinclination to face accustomed tasks, to the 
captaincy of the motley host of the symptoms of tuberculosis. It is a 
real tragedy to contemplate the myriads of patients that have passed 
through this portal into active chronic phthisis, and then for months and 
years proceeded to advanced stages before tuberculosis was recognized. 

This whole subject is so important, especially to any appreciation of 
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Pathogenesis, that we may repeat that in practice we will err least if we 
allow no slightest evidence of lapse from function and efficiency to 
escape our notice, and if, when it appears in association with demonstrable 
tuberculous infection, we think clearly in terms of active tuberculosis, 
and proceed accordingly,—treat the patient for the disease. 

One parting example of activity, as we sketch no clinical rarity: 

We have all listened to the story of the patient,—as bit by bit it has 
come out in the history,—how his life long he has shunned vigorous exer- 
cise or not over-arduous work, because he never felt good after perform- 
ing it. Or how little by little he has sought lighter occupations and less 
exacting responsibilities for the same reason. It is remarkable how these 
men and women, whose slowly evolving tuberculosis takes years to send 
them to the physician, gradually, unconsciously, and almost imperceptibly 7 
to themselves, adjust with measurable success their duties to their wan- ag 
ing capabilities, and make a passable accommodation between their tasks . 
and their tuberculosis, which is thus kept just barely below the clinical , 
horizon. Actually it is at the threshold, and at times across. But the “4 
patient is never sufficiently aware of the unwelcome guest. He makes a 
another concession, one more reduction of effort somewhere, achieves eS 
tolerable comfort once more, and goes along anew but at slackened pace. i 
Now and then all this comes out in the history with almost diagnostic 
circumstantiality. 


FACTORS OF ENVIRONMENT IN PATHOGENESIS 


What shall we say about the pathogenesis of such cases? Roughly, 
they constitute a type that is by no means a curiosity of the clinic. As 
we follow the patients through the years, we find that, if they are fortu- 
nately circumstanced economically and temperamentally, they can, in a 
way, shape the course of their tuberculosis at will. By living at a certain i 
pace they are almost sure to bring on the evidences of active tubercu- 
losis,—symptoms of illness and incapacity for ordinary tasks; by proceed- 
ing at more measured and careful gait, they lull their infection into quies- 
cence and inactivity, and go about their daily round comfortably and 
without effort. It is plain that these patients cannot harbor tubercle 
bacilli or tuberculous foci that are intrinsically pathogenic, that is, of a 
type that ensures manifest and progressive disease. Potentially the germs 
or foci are so; but not by nature and inevitably. It is likewise obvious ia 
that constitutionally the patients are not of a kind that their tissues are ; 
over-prone to the infection or proof against it. Or, at any rate, our en- 
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larging clinical experience would teach us with how little confidence we 
may interpret the so called innate resistance of the patient in terms of 
size or extent or even structure of foci in chronic tuberculosis. 


Focal Changes in Pathogenesis: In chronic tuberculosis foci of tubercle 
usually show well-marked, if not predominant, evidences of fibrosis. 
This peripheral investment operates foward preventing extension and 
multiplication of the anatomical process as well as toward impeding the 
escape of focal material out into the surrounding tissues, there to be 
absorbed into the system. For foci to extend or for focal products to 
be absorbed is to follow the path that leads to pathogenesis. We ac- 
cordingly find that the play of environment, as it influences physiological 
conditions in the immediate neighborhood of tuberculous foci, is a mo- 
mentous factor in producing effects that may be expressed clinically. 

Exalt the circulation (and therefore the flow and content of lymph) in 
the affected region: and you promote the sending over to the body of 
intrafocal poisons as well as the outsweep of bacilli which had been more 
securely interned before. The circumtubercular cifculation will be in- 
fluenced by as many and as different agencies as can operate in the proper 
way directly upon any affected part or indirectly through the interme- 
diation of the body: as, for instance, by a local catarrh or congestion, by 
trauma of the part, by whatever accelerates or deepens respiration in 
the case of pulmonary tubercle, by fever, by bodily overactivity, by the 
second stage of parturition, by tuberculin. In actual life the “‘trick is 
turned” by local injury, by intercurrent disease, by excessive bodily or 
organic stress. If we wish, we may take the well and noncomplaining 
patient, and with tuberculin activate his tubercle; and bring on rales and 
illness where neither existed before, and tell-tale densities on the X-ray 
film; and do all this, perhaps, for only a day or two. Transitory though 
the upset has been this is pathogenesis, though an artificial pathogenesis, 
as surely as is the catapulting of an always healthy man into florid tu- 
berculous pneumonia. That is to say, it is pathogenesis qualitatively 
and in essence; and there is every reason to believe that the pathological 
physiology concerned in bringing on the attacks of illness is similar in the 
two instances. Nor will the pathological anatomy show essential differ- 
ences in fundamental characteristics. 

Or Marcus Paterson would put his asymptomatic patients at work, 
designedly to get the same effects. Or our patients under treatment 
transgress the limits of their prescription for exercise, and fall ill similarly. 
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They activate what has been quiescent; or add to an activity of lesser 
degree, and thus modify, that is, intensify pathogenesis. 


Environment: It might seem unpardonable to labor a point that has 
latterly become so well understood, were it not for the purpose of laying 
down sharply the fundamental concept that common to the pathogene- 
sis of tuberculosis, and quite likely necessary to tt, is the factor of environ- 
mental agency or force. In the whole etiology of manifest tuberculosis, 
it is the factor about which we can speak with the greatest certainty. 
It has the sanction of soundest and best authenticated clinical experi- 
ence; and in the realm of probabilities of human tuberculosis we should 
regard nothing as a fact unless it can be substantiated in the case of the 
human patient, no matter how absolute or unfailing a particular it can 
be proved to be apart from the patient,—as, for instance, in the animal 
of experiment. 

The structure of tubercle becomes important in pathogenesis only as its 
environment ts considered and is brought into relation with it; and this, too, 
in terms of place, episode, and time. 

Tuberculosis of the lymph nodes of the neck not infrequently is seen 
to become manifest, that is, pathogenic, following an acute inflammation 
of the throat,—tonsillitis, for instance, or scarlet fever. An occasional 
onset of pulmonary tuberculosis during pregnancy, or after pregnancy or 
parturition, is certainly more than casual, as is a not uncommon sequel 
of tuberculosis to measles. We are quite likely correct in regarding 
these cases of manifest tuberculosis as brought about by the physiological 
disturbance of existing and previously inactive tuberculous foci and the 
tissues roundabout, engendered by the intercurrent experience. 

It might be asked why, if measles or pregnancy or any other experience 
can activate tubercle, one or the other will not always do so whenever it is 
suffered. The answer is that, so far as we know, the influence exerted 
upon tubercle is in no instance a specific one; again, that it must be re- 
garded as quite variable quantitatively and therefore capable of a wide 
range of effects; but, above all, that the intercurrent episode can hardly, 
in the very nature of things, be always exerting its effect on tubercles 
that are structurally similar. 

Quantitatively, the stresses of life are of every degree, and it must be 
the truth that a certain structural conformation and constitution of 
tubercle are capable of withstanding a certain quantum of stress, with- 
out giving rise to manifestations of tuberculosis, at times when they would 


of 
le 
id 
e 
De 
0 
C- 
n 
of 
€ 
ar 
y 
4 
yr 
§ 
d 
y 
h 
l- 
y 
il 
t 


220 ALLEN K. KRAUSE 


respond more eloquently to greater stress. But, very important too, is 
the circumstance that, unless the formation is completely healed, we may 
never regard tubercle as having a perfectly fixed and stable structure, 
As we have said, foci of tubercle go through well-recognized cycles of 
development and subsidence. Considered as an infection, tubercle may 
be always tubercle, one and the same; but in construction it is intermin- 
ably varied, and quite likely never exactly the same at two different 
times. So, now comes into the foreground the preponderant importance 
of the element of time in contributing to the issue of a tuberculous infec- 
tion. A child may suffer measles or a woman enter upon pregnancy at a 
time when the structure of tubercle which they harbor is influenced with 
comparative ease, to result in manifest tuberculosis. A few months ora 
year later the identical tuberculous process might be so constituted, so 
well sclerosed, let us say, that identical experiences, undergone then, 
would pass without noticeable effect. As I have said (in substance) 
in another place: In contributing to breakdown from tuberculosis, it 
matters a great deal whether a child contracts measles, or an athlete 
runs a hard race, or a woman becomes pregnant at a “good” time or a 
“bad” time, so far as the anatomical condition of concealed tubercle is 


concerned. 


Localization of Foci: In the pathogenesis of tuberculosis the part played 
by the location of tuberculous foci is frequently decisive, and can be 
almost dramatic. Generalized miliary tuberculosis strikes down most 
commonly (if we except infants) persons who have previously had no 
manifest tuberculosis. It is the disease in its most fatal form; and in 
any number of instances (the proportion depending upon the thorough- 
ness of search) we are permitted, fortunately, to trace the series of events 
leading to the catastrophe with exceptional clarity and definiteness. In 
the circumstances it is difficult to understand how any observer can read 
a so called lack of resistance into the pathogenesis of this gravest of 
manifestations of tuberculous infection. 

For generalized miliary tuberculosis invariably springs from some ante- 
cedent focus within the body; and, when we can detect this focus, we find, 
again almost invariably, that it was in intimate association with a natural 
channel of conveyance to all parts of the body. In many instances the 
retroperitoneal lymph nodes have been involved. Set against the great 
lymphatic trunks, they caseate, break down, and erupt into the thoracic 
duct. Now, if the material discharged is enough, it is carried to all parts 
of the body, to originate widespread infection and disease. 
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Here is a caseating tuberculous process, contained within its fibrosing 
investment, and passing without effect, and unnoticed so long as it is so 
restrained. If the fibrous envelope holds, then in the majority of cases it 
will remain a case of inactive tuberculosis, to be discovered fortuitously 
only at autopsy. Yet a break into the thoracic duct means fulminant 
disease and death. Location, and location alone, determines the particular 
issue. 

It will perhaps be instructive to compare with such lymphatic 
tuberculosis the series of events put in motion by another common tu- 
berculous process that is intrinsically similar. Here, now, is cervical 
tuberculous lymphadenitis. Being superficial, it is manifest by reason 
of tumefaction and perhaps tenderness and softening. The patient is in 
constitutional health, yet we recognize this as manifest or clinical tubercu- 
losis, that is, infection become pathogenic, because it is superficial and 
obtrusive (and consequently, symptomatic). If it were situated in the 
depths of the body, as in the case of retroperitoneal lymph-node infection, 
we would not recognize the condition as pathogenic as long as the bearer 
remained outwardly well. 

Ceteris paribus, and if the foci in both places were evolving progres- 
sively, there can be no doubt about the complete antithesis of ultimate 
prognosis, if each went on to a break. Yet we are in ignorance of the 
existence of the graver focus (that is, graver prognostically), and for the 
time being view the less momentous condition with concern. Now the 
cervical lymph nodes break down and discharge, accomplish what 
amounts to a surgical evacuation of contents to the outside, and the pa- 
tient, if anything, may be improved thereby. Could there be any better 
examples of infection made pathogenic by location, or of outcome en- 
tirely contingent upon location? 

Or, let-us turn for a moment to the pathogenesis of another form of 
tuberculosis. The tracheobronchial lymph nodes are now infected. Tu- 
bercle has long smouldered mutely, and gradually gone over to caseation. 
The time comes when it breaks through, motivated perhaps by a grippal 
attack, or prolonged excess of bodily effort or, it may be, for no discover- 
able reason, and, although the way is open for evacuation to the outside, 
for some reason or other most of the material is aspirated, and the result 
is a precipitate onset of phthisis florida. Location, and perhaps a fortui- 
tous aspiration rather than expectoration, have determined pathogenesis, 
or, at least, determined the course the infection is going to take. 

A patient falls ill with tuberculous meningitis, and dies. At autopsy 
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we observe little that is wrong or significant, except a stippling of minute 
tubercles at the base of the brain, and, if we are lucky, an old solitary 
fibrocaseocalcareous tubercle, the parent focus, in a lung or the tracheo- 
bronchial lymph nodes. The meningeal tubercles may be so minute that 
we must use a cross-light to distinguish them. Surely, we think, these 
foci, of themselves, can hardly be of a kind, or large or numerous enough, 
to set up disease, much less kill. We are confident that, placed at any 
other place in the body, they would cause no noticeable trouble; yet put 
in the basal meninges they lead to the pathogenesis of tuberculosis at its 
worst. 

We see the tuberculous nodule in the larynx break down the patient 
with serious disease, while we reflect that with the same nodule in a lymph 
node, or even in his lung, the same patient would be, and likely remain, a 
well man. Or, in the lung itself, we observe, peripherally and out near 
the pleura, a fibrocaseous nodule, or sizable collection of nodules, that 
have leisurely held their own and made their way, with never a sign or 
symptom to disturb the fit and vigorous host, whose neighbor perhaps 
has had the ill fortune to have tubercle, similar to all appearance, settle 
down more centrally, and developing from and incorporated in the ad- 
ventitia of a blood-vessel of importance. Under stress the vessel gives 
way; there is a pathogenesis of tuberculosis with haemoptysis, maybe out 
of a clear sky; there ensues an extensive aspiration of blood and of focal 
detritus; and acute tuberculous pneumonia is at hand. 

In the shaping of any tuberculous infection, let any and every con- 
ceivable significant attribute of parasite and of host have due weight,— 
there still remains a part, and perhaps a preponderant part for location of 
focus,—of first focus and of subsequent foci,—to play. In thinking of 
tuberculosis as a developing infection, we must remember that, from the 
moment of first infection, what characterizes, indeed creates, its so called 
progressiveness is its spreading and its ability to spread; and too that 
between initial focalization and first pathogenesis there has, in nearly 
every instance, been some extension or spread. If tuberculous infection 
is to spread it must have its pathways, along which it may be conveyed. 
In actual life, these will be of greater or less accessibility in relation to first 
foci; destinations to which they lead will be of graver or lighter moment 
with respect to possibilities that may ensue; the distances of first foci 
from portentous structures will be further or nearer; the lines of defense, of 
arrest and interception of parasites, such as offered by lymph nodes, be- 
tween first foci and organs whose involvement spells trouble, will be more 
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or less numerous, more or less impedient, more or less tightly drawn; the 
tissue in which first foci dwell will be more or less vascular by nature, or 
its native consistence offer more or less resistance to the encroachment of 
tubercle (bone, epididymis, lung); the organ involved will be relatively 
isolated and self-contained, or possessed of far-flung channels of com- 
munication, as is the lung. Given, then, first foci or descendant foci, 
conditioned by location; given, again, a changing focal structure; given, in 
addition, the almost infinite possibilities of the play of environment or 
experience upon foci of varied structure, foci in being in a diversity of 
locations, and always in suitable or unsuitable temporal relations; given 
all this, and one begins to set the stage for the course that tuberculous 
infection is to take. It is all this that has something to do in the patho- 
genesis, as against the continued dormancy, of every case of tuberculosis. 


FACTORS OF CONSTITUTION OF HOST 


Tendency to Fibrosis: Yet there must be a great deal more at work. 
You will undoubtedly bear down hard that, thus far, in attempting to 
resolve pathogenesis, I have been dealing largely with results, and prod- 
ucts, and effects, and have evaded the real fundamental forces that must 
be at work in the taking hold of tubercle bacilli, the establishment of foci 
of tubercle, the subsequent evolution or termination of these latter, and 
the deleterious rather than harmless effects upon the body. It may be 
granted that sclerosis of foci makes for inactivity of infection, but what 
makes for fibrosis uppermost rather than the destructive features of 
tubercle? Once there is established a fibrosis that is sufficient to keep 
foci silent, it is understandable how, under the influence of focal and 
bodily environment, it can be upset toward pathogenesis or fortified 
toward still more secure inactivity of foci. 

Conceivably, a tendency toward focal fibrosis rather than its opposite 
condition is contingent upon attributes of either or both of the two 
parties concerned in every tuberculous infection, that is, of parasite and 
host. If such is the case, it has never been demonstrated as a direct and 
decisive scientific fact. Nevertheless, the enquirer may be allowed to 
indulge in attractive speculation, as he attempts to marshal and correlate 
from the clinic and the bench of experiment scraps of information that 
may apply to the case in hand, But, before entering upon this diver- 
sion, it will surely be pertinent, and perhaps helpful, to set down a point 
of view that is fundamental to any appreciation of the pathogenesis of 
tuberculosis in all its phases. 
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Tuberculosis a Self-Healing Process: It begins with the idea that tu- 
berculosis is eminently a self-healing process. This is an opinion that 
has frequently been expressed, and one that is as evidential as can be. 
Almost as soon as they are established, all foci of tubercle begin to un- 
dergo peripheral fibrosis. Indeed, fibrosis is a part of the normal 
development of every formation, no matter what the type, by which 
the tissues react to tubercle bacilli. Normally, and within the same 
foci, we find fibrosis of every degree and extent accompanying destruc- 
tive processes of every variety. Side by side, within the same organ, we 
may observe foci going on to complete scarring while neighboring foci 
are in a state of fulminating progression. Within the same body foci 
in one organ will be healing as those in another part are exhibiting the 
signs of floridity. 

Experience suggests that the normal tendency of the human body is to 
heal, or at least hold in check, tuberculous infection received in the 
ordinary or average way; that is, infections of the usual kind and dosage, 
resulting from the usual contacts that give rise to infection in our civiliza- 
tion. Experience suggests this because it shows that only the veriest 
fraction of all infections eventuate in clinical disease. 

Cattle contact tuberculosis,—as an infection, apparently as readily 
as mankind; and cattle break down with tuberculosis. But again in 
cattle the tendency to repair is so outspoken that the characteristic 
anatomical response is a focal deposition of lime-salts marked enough to 
give the typical disease the name of Pearl Disease. Foci of this nature 
are an outstanding feature of even progressive tuberculosis in cattle. 
We derive our ideas of the high susceptibility of cattle to tuberculosis not 
from range cattle in a state of nature, but from cattle under artificial 
conditions,—stabled and forced to lactate. We may well ask whether 
infected cattle allowed to range would, in general, go the way of progres- 
sive disease, and we may well believe that they would not. It is at least 
a fair guess that, relieved of the stresses of the present conditions of 
domestication, cattle would take care of their tuberculosis well and suffer 
breakdown in comparatively few instances. 


The Alleged Hypersusceptibility of Primitive Peoples: We dally with 
the same idea in reflecting upon human tuberculosis. Out of a single 
fact numerous writers have built up a rather stiff doctrine that avers an 
exceptional lack of innate resistance of primitive peoples to tuberculosis. 
The basic fact is the common observation that the introduction of tu- 
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berculosis among less civilized populations is followed by excessive mor- 
tality, the result of comparatively acute illness. The fact is conceded; 
the conclusion stated is not denied; yet it is submitted that it need not 
follow from the premise; and it is maintained that the premise does not 
prove it. 

And it is suggested that circumstances other than inmate lack of re- 
sistance, circumstances too that are facts, may contribute toward ren- 
dering tuberculosis unusually destructive and fatal for those of low civili- 
zations,—at any rate for those who come in contact with the whites of 
Europe and America. 

Judged by our standards, the common living habits of savages and 
semisavages are inordinately dirty. At any rate they are supremely 
adapted to the contracting and spread of bacterial diseases, particularly 
one like tuberculosis, unique among infections in that it can be contracted 
in every conceivable way, via every possible portal of entry, directly and 
through an intermediary carrier. The common bowl without individual 
utensils at meals; the intimate herding at sleep; the windowless, chimney- 
less, nevercleaned, littered habitations, if dwellings there are; the un- 
washed, oiled and pomaded bodies or the filthy rags if clothes are worn, 
must individually and together be regarded as hot-houses of infection, if 
tubercle bacilli are loose. We cannot imagine a more fertile soil in which 
to spread an infection; as for tuberculosis, all that is needed is the sowing 
of the bacillus. And, if seed-time ever does come it will be marked by 
extreme dissemination and quantity of germs. 

Through ages of experience, through trial and error, every savage 
race arrives at a mode of life that represents the nicest adaptation to the 
environment in which it dwells. Indeed, a perfection of adaptation has 
been absolutely necessary to racial survival; and in the course of genera- 
tions a complexity of habits and customs becomes delicately attuned, one 
with another, into an harmonious whole mode of life. Left to himself 
and in the environment which his forbears have learned to control, the 
savage will flourish. But any intimate contact with a higher civiliza- 
tion will soon put the savage in jeopardy. It will do this not so much 
by reason of a greater might and ruthlessness of the white man, as by 
disturbing at critical points the savage’s way of living. If brought into 
the white man’s civilization the savage will find it impossible to make a 
successful abrupt adjustment to his new surroundings. If, on the other 
hand, the white man carries his own civilization to the savage, or forces 
it upon him, there enter the savage’s life new elements that are out of 
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step with those practices that arose through the necessities of coping with 
Nature. In the abstract, houses mean shelter, and clothing protection 
from the elements, and are therefore features of existence that should 
spare the body and conserve it; but to the naked savage, dwelling for 
generations in the open, any gratuitous and: rapid transition to houses 
and clothing can actually spell added filth and weakening of physical 
tone. Moreover, to use houses and clothing successfully presupposes 
that the inexpert savage make other changes and adjustments in his 
habits that would hardly occur to the white man. 

Any primitive people, in process of more or less unnatural change of 
civilization, will run into extraordinary danger if, during the period, 
tuberculosis is introduced among them. And, as a matter of fact, first 
racial contacts with tuberculosis are likely to be made when radical 
changes in mode of living are impending or in progress, for both arise out 
of first intimate associations of “backward” races with white men. His- 
tory will not show a single example of a primitive people continuing along 
the line of improvement in physique and natural development after it 
had come under the influence of people of a higher civilization. The 
inevitable result has been physical degeneration and decay of the pure 
stock, whether American Indian, Polynesian, Bantu or Hottentot. 

Whenever, therefore, we take up for consideration the acuteness of 
disease and the excessive tuberculosis mortality observed among “‘back- 
ward” peoples, attempts at explanation should pay attention to those 
actual circumstances which we know enhance the chances of gravity of 
tuberculous infection. We should certainly seek to give these their due 
weight, if they can be established as facts. At any rate we may not jump 
summarily to hard and fast opinions of innate susceptibility, any more 
than we may dismiss offhand the possibility so long as the ascertained 
facts are as meagre as they are to-day. 

But, continuing the same line of speculation, we may imagine that, in 
some way or other, tuberculosis entered the midst of a primitive civiliza- 
tion whose perfectly adapted life—that mode which assured racial in- 
tegrity and survival—did not change, and remained outside the debilitat- 
ing influences of more advanced civilizations. For the reason given 
above, such an event has probably never happened. But, if it could 
take place, we may suppose that the entire story of tuberculosis in the 
savage would be totally different from the one that we are accustomed to 
tell. We might be bold enough to predict that his success in his struggle 
for existence would have its effect on his tuberculous infection, and that 
this too he might keep under measurable control. 
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And, continuing now our speculation to the case of more-advanced man- 
kind, we incline more and more to the view that the pathogenesis of 
tuberculosis in civilized modern man but expresses the yielding of the 
individual man to the demands, the stresses, of civilization. We have 
long realized that tuberculosis is a price entailed by civilization in refining 
man,—in taking him from more natural pursuits and putting him under 
the more artificial complexities of modern existence. We are impressed 
with the inherent marked’ tendency of the tuberculous process toward 
healing. We observe, even in our strenuous civilization, the vast major- 
ity of infections buried below the level of pathogenesis. May we not 
therefore suppose that, except for rather fortuitous and mainly extrane- 
ous circumstances, as these affect the individual, tuberculosis would 
always remain nonpathogenic? Is not such a point of view more prob- 
able than one which would conceive of tuberculosis as essentially pos- 
sessed of a dynamic quality that sends it on to progressiveness,—along 
a course that is to be prevented only by active intervention somewhere 
alone the line? Should not our admonition be “Don’t do certain things 
if you would avoid tuberculosis,” rather than “Do this or that to prevent 
tuberculosis?” 


Innate Differences of Constitution: Coming now to individuals, we may 
not doubt that because of innate differences of constitution human beings 
differ in their anatomical responses to tubercle bacilli which infect them. 
Difficult, yes impossible, though it is to prove in a scientific sense, the 
opinion is a necessary derivation of the simplest and plainest evidence. 
It will hardly be questioned that the characteristic anatomical effect of 
tubercle bacilli, that is, nodular tubercle, represents the tissues’ native 
mode of reacting to a stimulus or irritation exerted by the parasites. 
There can be even less doubt that mankind reacts to many, perhaps all, 
types of irritation in an individual manner, a manner that is anatomically 
varied, and varied because of differences of inherited reactivity of tissues. 
We observe this phenomenon exhibited strikingly and decisively upon 
bodily exposure to the rays of the sun. The surgeon notices the healing 
of similar wounds take place differently in different people, yet more or 
less typically and according to rule for the individual person; a personal, 
connoting an inherited, tendency to keloid is a striking example. It is 
stretching probability not at all to suppose that the native capacity of 
tissues to react fibrously to injury of any and every kind varies with the 
individual constitution. We know that in general it changes normally 
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with growth and maturity and senescence, becoming greater with advanc- 
ing age,—a circumstance that conceivably plays no small part in the 
alleged increase of resistance to tuberculosis that attends the natural 
aging of man. What is, of course, important in this connection is that 
individual variations of tissue capacity for fibrosis would surely affect 
pathogenesis in the individual case. 


Gout and Tuberculosis: Gout is among the most plainly inherited dis- 
eases in the sense that it makes its appearance in soil that is prepared by 
constitution and transmitted by ancestry. The characteristic gouty type 
is known to all. Stocky build, short, thick néck, florid complexion, . 
sandy hair,—these features will often enable one to pick out the gouty 
from among total strangers. Why they should be associated with a 
relative inability to metabolize purins is entirely unknown; but the fact 
remains, as does the well-established clinical observation that the gouty 
either do not fall ill with tuberculosis, or that, showing activity, they re- 
sist the disease exceptionally well. Is this over-resistance to tuberculous 
infection owing to the heaping up of urates, itself the effect of inefficient 
purin metabolism?—old experiments failed to establish this relationship. 
Or is it conditioned by the same defect as is the metabolic fault?—or by 
some other one or several of the physical attributes that mark the gouty 
as atype? Whatever might be the answer to such fascinating problems 
so clearly presented to us in actual life, one can hardly avoid the conclu- 
sion that in the case of the gouty we are dealing with individuals in whom 
the pathogenesis (here the nonpathogenesis) of tuberculosis is affected by 
inherited constitutional determinants. 


Diabetes and Tuberculosis: We find ourselves thinking similarly in 
regard to diabetes mellitus, though in his resistance to tuberculosis the 
diabetic’s position is opposite to that of the man of gouty tendency: heis 
oversusceptible to the infection, just as he is to other focal, for instance, 
staphylococcic infections. Experiments, designed to show that the 
flaring of tuberculosis in the diabetic organism is the result of exuberant 
growth of tubercle bacilli in a favoring culture medium created by sugar- 
rich tissues, have not got far: at least, they have failed to bring any 
support to such an explanation. In ourignorance, it is at any rate signifi- 
cant that diabetes, also a so called disease of metabolism, is associated with 
an unusual tendency to active tuberculosis,—this coupled with the fre- 
quently great probability that diabetes is conditioned by inherited physi- 
cal factors. 


| 
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Obesity and Tuberculosis: The physical tokens of predisposition to 

diabetes are not so well marked as in the gouty, yet out of relationships 
which are as yet ill-defined and obscure, though by no means concealed, 
there does emerge one which often elicits comment. This is the occur- 
rence of diabetes in the obese and in the members of families inclined to 
obesity, one of our most clearly inherited bodily aberrations. What now 
becomes of interest is the undeniable fact that obesity provides peculiarly 
sterile soil for tuberculous infection. How it does this is thoroughly 
inexplicable. It is all very well to say that active tuberculosis is caused 
or promoted by insufficient nutrition; an etiological relationship that has 
never been proved, though the antecedent or coincident association is 
frequent enough; or to maintain that overnutrition prevents or arrests the 
disease, again a common concurrence yet unproved causal sequence of 
events: the statement explains nothing, and does no more than recognize 
the important fact that poor nutrition and active tuberculosis go hand in 
hand, and vice versa. 

Nevertheless, it may be worthy of note that we see active tuberculosis 
develop much less frequently in the obese than become arrested in them. 
In other words, in fat or overfat persons there does seem to be some im- 
pediment to the pathogenesis of tuberculosis, while it is not so noticeable 
that an achieved obesity will arrest an established active tuberculosis; 
for numerous are the cases in which the disease, even when of only moder- 
ate degree, will remain active in the presence of great overweight; and, 
frequent, as concerns arrested cases, is the criticism that arrest of disease 
has not been brought about by the excess of nutrition, but that the latter 
has resulted from the cessation of intoxication that followed focal improve- 
ment caused by rest, and from the physical inactivity and heavy diet 
employed in treatment. 

At any rate, common observation leaves no ground to doubt the 
exceptionally high resistance of the constitutionally obese to the patho- 
genesis of tuberculosis, and we comment upon it here as added evidence 
of the constitutional factor at work in pathogenesis. 


Congenital Peculiarities and Anomalies: Congenital anatomical fea- 
tures, peculiarities and anomalies on occasion surely contribute to the 
pathogenesis of pulmonary tuberculosis. Pulmonary stenosis is a strik- 
ing example of an inherited fault that promotes the occurrence of active 
phthisis. Certain types of thoracic conformation or peculiarities of the 
several divisions of the upper respiratory tract, of a kind that impede or 


anc- ‘ 
the 
ural 
that 
f ect 
dis- | 
by | 
| 
On, . 
uty 
ha 
fact 
uty 
re- | 
lous 
ient 
by 
uty 
ems 
clu- | 
om 
| by 
in 
the : 
eis | 
ce, 
the 
ant 
rar- 
any 
Lifi- 
ith 
fre- 
ysi- 


230 ALLEN K. KRAUSE 


limit respiration, and handed down from generation to generation, con- 
ceivably tip the scales toward active tuberculosis, given the proper con- 
ditions of infection. The slender, gracile build of body, with dispropor- 
tionately long extremities and short torso, has always been regarded as 
oversusceptible to tuberculosis, and perhaps correctly so. For clinical 
experience becomes impressed with the idea that such subjects, when 
stricken with tuberculosis, are poorer “risks” than the average. Res- 
piration, made deficient by obstructive hypertrophied tonsils and adenoid 
growths, must often help to prepare the ground for phthisis, by reason 
of both its direct pulmonary effects and its general physical depletion; 
and lymphatic overgrowth frequently “runs in families.” 

Indeed, scattered hints of the constitutional factor at work in the patho- 
genesis of tuberculosis are numerous and convincing enough, yet there is 
an almost entire absence of controlled scientific evidence in proof of the 
circumstance. Few phases of the subject should to-day promise a more 
fascinating inquiry than the constitutional factor and the genetics of 
tuberculosis. And I am here tempted to repeat what I wrote ten years 
ago at the close of an essay on Environment: 


There is not a little clinical evidence that such diseases (to mention only a few) 
as gout, epilepsy, migraine and cardio-renal-vascular insufficiency arise on an 
inherited background. It has always been a byword that longevity is inherited. 
Nervous instability and overirritability certainly are. And who knows but 
that nervous irritability, which at bottom must regulate cellular activity in 
general, will not ultimately be found markedly to influence the origin and de- 
velopment of infections? 


Family Tuberculosis: There is no evidence to support the ancient idea 
that the repeated tuberculization of successive generations of a family 
reduces in time the resistance of the family’s descendants to tuberculosis. 
On this point we have no facts, one way or the other. But, as regards 
specific immunity to the infection we would presume, from what we know 
of immunity in general, that this should, if anything, be increased by 
tuberculosis becoming active generation after generation. Indeed, not a 
few writers are inclined to regard the alleged greater resistance of ad- 
vanced civilizations to tuberculosis as having been gradually brought 
about through continued and prolonged contact (infection) with the 
tubercle bacillus,—an idea to which, in the writer’s opinion, our very im- 
perfect knowledge of the epidemiology of tuberculosis brings no support. 

Yet, bound up with this question are several basic biological matters, 
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which must ultimately receive consideration and, we hope, elucidation. 
For instance: Does chronic phthisis, which manifestly influences hor- 
monic activity and which is prominent in its devitalizing constitutional 
effects, bring about the germinal or placental transmission of debilitating 
qualities, that nonspecifically lay the body more open to the activities 
of the tubercle bacillus? May not economic impoverishment, another 
common accompaniment of chronic phthisis, if recurring generation after 
generation, lead to waning and depleted vigor of a family, and therefore 
presumably diminished resistance to tuberculosis? Is there an assorta- 
tive or selective mating going on between individuals of phthisical habi- 
tus?—if so, would a resulting expected cumulation of nonspecific suscep- 
tibility be counterbalanced by a predicted increase of inherited specific 
immunity? 

Few diseases can offer such complexities as will tuberculosis in even its 
simplest phases. The mildest infection immediately alters the entire 
body profoundly (it renders the latter allergic and immune). Active 
disease ebbs and flows throughout the span of a normal lifetime; as, from 
childhood to old age, in many a passably capable man and woman, the 
characteristic lineaments of tuberculosis, never perhaps completely dor- 


mant, are noticeable in the spare and lax constitution of the victim. So 
much is fact. May we not therefore be permitted to expect some day the 
demonstration that bodily function, depressed without let-up, and this in 
infected parent, in infected child, and again in infected later descendants, 
will at last put its mark on tissue stock, now inherently altered in its capac- 
ity of response to tubercle bacilli? Indeed, how can the case be 
otherwise? 


THE INFLUENCE OF IMMUNITY AND ALLERGY 


We may believe that in any case, when the tissues of the human 
organism first strike contact with living tubercle bacilli, there takes place 
an interaction of at least three categories of forces, through which will be 
affected and defined the course of the infection that is about to result. 
Operable, for instance, will be those native tissue peculiarities bestowed 
by inheritance. Influential too will be features of the parasite,—viru- 
lence, viability, quantity, etc. Perhaps most important in the individual 
instance will be elements of circumstance and environment :—the localiza- 
tion of the bacilli, the physiological activity of the body and of the circum- 
focal territory at the time of infection, and so on. Two of these forces 
may be regarded as fixed quantities, and as exerting a uniform and pre- 
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dictable influence if their measure were determinable: that is to say, 
inherited constitution and initial aggregate of germs concerned consti- 
tute unchanging factors, whose effects should proceed along certain well- 
defined lines laid down at the time of infection. Contrariwise, for an 
originating as well as an evolving infection environment is an illimitably 
variable factor, and, by virtue of its irregularity, it must, we believe, be 
capable of modifying and altering those characteristics of an infection 
that are determined by the interplay of native constitution and original 
parasites. Indeed, for the reason given, environment can hardly act 
otherwise than as the moulding, yes the directing agency in every tubercu- 
lous infection that drags out a dormant and chronic existence within the 
body,—and this means all but a very few tuberculous infections. 

But, as soon as any and every initial infection is established, we are 
obliged to reckon with two new bodily (tissue) attributes that conceivably 
affect pathogenesis. As soon as first tubercle is formed, all the tissues 
acquire a new capacity to react to tubercle bacilli in an acute inflamma- 
tory manner. This property, denominated as allergy, embodies a con- 
dition of tissue hypersensitiveness to the protein constituents of the tu- 
bercle bacillus. By virtue of the presence of tubercle the body also 
becomes specifically over-resistant, that is, z¢mmune to fresh implantations 
of tubercle bacilli or to any further extension of those bacilli that may be 
already focalized. 

As to the identity or nonidentity of tuberculoallergy and tuberculo- 
immunity, little need be said here. The question is not settled, and the 
two shall be treated here as separate phenomena. For our purposes 
immunity is regarded as that condition of increased specific resistance to 
implantation and extension of tubercle bacilli, and allergy as that state 
of tissue hypersensitiveness to tuberculoprotein, that come into existence 
with the earliest formation of specific anatomical tubercle. Both im- 
munity and allergy continue at work within the body as long as tubercle, 
with its tubercle bacilli, persist. 


Immunity: When subjected to careful, controlled observation specific 
immunity exhibits itself as follows: Infected animals of experiment, when 
exposed to reinfection, suffer, as a result of the latter, a tuberculosis that 
for a long time is relatively localized, that (after the subsidence of early 
acute phases) takes on the anatomico-pathological features of chronicity 
(fibrosis, etc.), that then spreads with great slowness if at all, and that 
leads to death only after a much delayed evolution of the infection (rein- 
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fection). ‘The course of events is in striking contrast to what goes on in 
normal nonimmune animals given identical inoculations of living tubercle 
bacilli as first infections: when the first evidences of tubercle come to 
light tardily, disseminating pathological changes appear with but slight 
interruption or delay, and generalized tuberculosis carries off the animals 
within several weeks, or a few months at the latest. 

Comments in modern medical literature are marked by a good deal 
of misconception concerning the manifestations of tuberculoimmunity. 
One may read statements to the effect that the tuberculous animal, being 
immune, cannot be reinfected (unless perhaps by excessive quantities of 
tubercle bacilli,—so called ‘“‘massive dosage,’—when immunity is said to 
break down); and many contributions on the etiology, immunology and 
pathology of tuberculosis imply as much when they use the disclosures of 
animal experimentation to throw light into the obscure corners of human 
tuberculosis. 

That the immune tuberculous animal cannot be reinfected :—nothing 
can be further from the truth. As a matter of fact, the experimenter is 
impressed by the following striking circumstance: That while the animal 
with competent immunity plainly puts up an extraordinarily heightened 
resistance to quite large “doses” of virulent tubercle bacilli, the same 
animal will present some morbid changes,—tubercle, in other words,— 
in response to reinfection with small, yes minimal, ‘‘doses.’””’ What is 
to be observed in the latter instance is not a complete warding off of im- 
pending infection, a total refractoriness to a “taking hold’’ by the germs. 
Some tubercle is almost bound to result,—a fact that is all-important to 
our understanding of tuberculoimmunity, and especially to our efforts 
to give this immunity its proper and significant place in the scheme of 
human infection and disease. | 

For it must be obvious that such tuberculous processes, arising in im- 
mune soil and developing under the restraints and impediments of the 
forces of immunity, whatever these may be, will frequently be of a kind, 
a quality, and of an extent, let us say, or, accidentally placed, may spring 
up at a portentous site, that bid fair to lead to trouble, that is, deranged 
function,—symptoms,—pathogenesis. Certain it is too that such 
anatomical formations, born of the response of immune tissues to moder- 
ate or ordinary deposits of tubercle bacilli, can on occasion last long 
enough to cause trouble. Often, when working with immune tubercu- 
lous animals in the laboratory, we find that reinfections with few bacilli 
(in the skin, where events are always under observation) are followed by, 
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first, local acute inflammation, which, subsiding, gives way to a nodule 
(tubercle) of precocious appearance and evolution; and now, the nodule, 
ulcerating comparatively early, takes on an umbilicated or eccentric 
bowl-shaped conformation, and remains weeks and months, irregularly 
rimmed by thickening fibrosis and slowly closing in its denuded pitted 
centre. Meanwhile, the high immunity of the animal is displayed by the 
fact that the tubercles of reinfection are confined to the site of inocula- 
tion, that is, where the healing ulcer dwells, throughout a period when 
identically inoculated animals of first infection are dying of thoroughly 
generalized tuberculosis. 

Often, as we watch this series of events, we cannot help wondering how 
such a process, a slowly healing ulcerated tubercle, an “immunity tubercle” 
let us call it, would affect the human patient if, instead of in a guinea pig’s 
skin, it had its birth in the former’slung. Now, too, as a human pulmo- 
nary focus, it would be “played upon’’ by all the physiological vicissitudes 
and shifts and stresses that constitutionally and organically are part of 
the daily life of every person alive,—by all the circulatory and respiratory 
ups and downs that go with every grade of physical and psychical ac- 
tivity, with intercurrent bodily and organic disease. It is not to be 
doubted that frequently such tubercle would be pathogenic. 

Briefly, the result of tuberculoimmunity becomes manifest as a modi- 
fwcation of the course of a process that would be characteristically pro- 
gressive in the nonimmune animal, and this modification is expressed 
in greater chronicity and circumscription of resulting foci, and relative 
tardiness of the latter’s spread. We know, we recognize, tuberculo- 
immunity only through its effects,—through the observation of tubercu- 
lous infection held at a standstill, or pursuing a chronic progression, or 
taking the path of retrogression in the individual animal (human being). 
This immunity becomes part of every tuberculous process as soon as the latier 
gets well under way. Indeed, with infrequent exceptions, it directs, in a 
measure, most human infections received under the conditions erected 
by our civilization. For the vast majority of the white man’s infections 
are held permanently in check, as too the preponderant number of active 
cases are marked by discrete focalization and chronicity far more than 
by unchecked and far-flung generalization. Perhaps it is this immunity 
which makes of tuberculosis the characteristically healing infection upon 
which we have dilated above in our discussion of inherited factors. Com- 
ing early into operation in every initial infection, in our civilization it 
acts as a force which is ordinarily sufficient to stay the unbridled effects 
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of those numbers and types of bacilli that are the average for first infections of 
our civilization or fall below this average. Without such an opposing agent 
the average of quantity and virulence would, we may believe, lead to a 
rapidly fatal issue. 


Allergy: But as to the mechanism of tuberculoimmunity we can speak 
with little certainty. Of all the varied so called ‘immune phenomena’ 
that modern Immunology has disclosed, one, and only one, process seems 
to bear any uniform relationship with immunity, if we restrict the term 
immunity to a condition of specifically increased resistance to implanta- 
tion and extension of tubercle bacilli. Allergy alone appears and acts in a 
way that leads one to associate it with immunity. 

As with immunity, the presence of anatomical tubercle is necessary for 
the existence of allergy. The allergic state is recognizable only through 
the appearance of the allergic reaction. This reaction is marked charac- 
teristically by elements of acute tissue response, by features of acute 
inflammation. If intense enough, the reaction will result in tissue nec- 
rosis (caseation), and there is reason to believe that the necrosis, a 
destructive phase, of tuberculosis, is brought about by the allergic reac- 
tion. But involved in the allergic reaction is also an accelerated pro- 
liferation of cells that build up nodular tubercle, and we may regard an 
enchanced fibrosis of the tuberculous process as one end-result of the 
reaction. 

Accordingly, the allergic reaction is seen to be responsible for all the 
acute manifestations of tuberculosis, and when so considered it must be 
viewed as a potent contributor to pathogenesis. Human beings pass as 
perfectly well as long as they hold their tuberculous infections asympto- 
matic, inactive. But they are allergic; and any discharge of sufficient 
focal material to a new place will render them immediately ill because of 
the allergic reaction that ensues promptly. 


Allergy Creates Symptomatology: Indeed, after we artificially infect 
an animal for the first time, we do not find it exhibiting symptoms of 
illness until the allergic state is established by the infection. Or, just as 
significant, the only animals that can be rendered ill by inoculations of 
tubercle bacilli or tuberculoprotein (tuberculin), are tuberculous, that is, 
allergic animals. Enormous doses of tuberculin or quantities of living 
(or dead) tubercle bacilli are borne by nontuberculous animals without 
the slightest appreciable effect (except that tubercle will eventually 
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result from inoculated bacilli). Minute doses of either will precipitate 
severe illness in animals with tubercle, and moderate doses will kill the 
animals. 

Here then is the clue to much of the symptomatology of the disease 
tuberculosis. Not a little of it is the expression of allergy in reaction. 
The infected patient, long harboring tubercle and perfectly well just as 
long, has perhaps a few bacilli set in motion and sent to a new location, 
or at a long-quiescent asymptomatic focus he has an excess of bacillary 
protein react with focal tissue to set up an acute focal reaction. The 
result is an accession of malaise and fever, with perhaps cough and ex- 
pectoration. These symptoms may last only for the day or for a week or 
less, and die down never to be repeated, or they may recur again and again 
until a more permanent state of illness is reached. All this is pathogene- 
sis of various types; but the more transitory episodes are only too likely 
to go unrecognized and escape a true appraisal until recalled after the 
more settled and prolonged illness is diagnosed correctly. 


Evidence that Allergy Leads to Immune Effects: The course of every 
tuberculous infection is punctuated by allergic reactions, which are 
capable of every conceivable degree of vigor, intensity and duration. The 
experimenter, working under designed conditions of control and in a 
position to follow through his experiments to their ultimate issue, finds 
that all allergic animals, made ill by fresh reinfections, come through 
with much less anatomical tuberculosis, if they survive their acuteillness, 
than do the originally normal controls given the same infections (as first 
infections) and not made acutely ill by them. For this reason he can 
hardly help viewing allergy as a resisting, a conservative, process, true 
though it is that in the operation of allergy the animal is made ill, and on 
occasion to a degree that may put life in jeopardy. Greater experience 
indeed leads him further to think of the symptoms of illness, especially 
the more acute symptoms, as expressions of tuberculoimmunity at work, 
and he recalls Wolff-Eisner’s paradox of many years ago,—that the be- 
ginning of symptoms of typhoid fever means the beginning of its immune 
period. Going still further, the experimenter asks, ‘‘What then is the 
incubation period of an infection unless it be that interval after infection 
during which immunity is being established?” 

For in the allergic reaction he observes brought into play enhanced, ex- 
aggerated and greatly accelerated responses of the tissues. He gains the 
impression that these promote the fixation of germs let loose, and thus 
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act in a way that hems them in and bars the further spread of bacilli, 
which, were it not for the impediment set up by the allergic reaction, 
would go rapidly to many points and thus give rise to more generalized 
tuberculosis. As a matter of fact, this much he can demonstrate by 
planned experiment. And, appreciating that concepts of immunity are 
derived from observations of comparative immobility of foci and restric- 
tion of infection, he finds in allergy a force that leads to the semblance, 
the effigy of immunity, in that the allergic reaction impedes exten- 
sion of infections. To all who would voice their inability to com- 
prehend how processes of destruction (necrosis) and disabled function, 
and even death itself, can be brought into any accord with concepts of 
immunity, he would reply that he stands on two unquestioned fundamen- 
tal facts. These are, first, that only the tuberculous, therefore the im- 
mune and the allergic, animal can respond with acute inflammation and 
necrosis to tuberculoprotein and to tubercle bacilli; and, second, that the 
normal, nontuberculous animal cannot be made ill by tuberculoprotein 
or tubercle bacilli, while the tuberculous, immune, allergic animal is 
almost immediately upset by either. To this may be added the further 
important circumstance that the tuberculous, immune, allergic animal, 
subjected to reinfection and rendered acutely ill thereby, will, if it sur- 
vives the illness, long outlive the nontuberculous, nonimmune, nonallergic 
animal that receives, without suffering symptoms, an identical infection 
by way of its first infection. 

In ordinary active tuberculosis there is, we believe, a constitutional 
symptomatology set up by absorbed focal products, which, as nonspecific 
degraded proteins of all the cellular components of foci, act as poisons, 
and intoxicate. But there can be no question that tuberculosis has also 
its specific symptomatology. This latter is expressed most plainly when 
foci erupt and discharge their contents to other places. The fresh depo- 
sition of focal material is now on sensitized (allergic) soil. If enough focal 
contents are brought to bear, are concentrated, upon one limited terri- 
tory, the result is a violent inflammation coming on abruptly. Exactly 
this happens when an apical focus, perhaps long sluggish or quiescent, or 
a caseating hilum process throws its erupted material more to midlung, 
and a tuberculous pneumonia promptly ensues. 

Now the illness engendered by such a catastrophe may, as we observe, 
come on with headlong speed, as from health the victim is struck down 
with florid symptoms. What happens anatomically is an acute allergic 
reaction or interaction. Pneumonia quickly involves the tissue round- 
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about where focal material has settled. In addition, the original offend- 
ing focus is affected by the material, the antigen, let loose fromit. It too 
undergoes an acute inflammation; that is, it suffers what is in essence a 
tuberculin reaction. From it now proceeds material to poison the body 
and thus contribute to the constitutional symptoms. 

We must regard much of this symptomatology as allergic for the rea- 
son that we can reproduce it (in experimentation) by using tuberculin or 
dead bacilli or living bacilli introduced intravenously, and thus sent to 
the lungs of tuberculous animals. Normal, nontuberculous animals, 
treated similarly, exhibit no effects. 

To sum up: In every established tuberculous infection, we may think 
of every increase of intrafocal tubercle bacilli or every conveyance of 
bacilli beyond their focal bounds as met by allergic reactions. In the 
vast majority of countless instances the numbers of bacilli concerned are 
too small to lead to appreciable or sensible effects. Their fixation, 
immobilization, and perhaps partial or complete destruction are accom- 
plished. This end-result is conceived of by us as immunity. Large 
numbers of bacilli originate more severe to florid reactions, when illness, 
pathogenesis, now features clinically the “‘effort’’ to halt the progression 
of bacilli (infection), that is, to accomplish again what will appear to us 
as immunity, if only the patient recovers from the illness. All this is 
laid bare, and without equivocation, in controlled experiment. 


Fulminating Tuberculosis the Expression of Intense Allergo-Immune 
Action: From this point of view the relatively violent and extensive ful- 
minating processes that are comparatively frequent in infants and 
members of primitive civilizations cannot be regarded as the manifesta- 
tions of slight defense, of oversusceptibility, of no immunity. They will 
now be interpreted as the very reverse. They become the expressions 
of relatively heavy infections reacting, in soil made excessively sensitive 
by initially heavy (repeated) infections, with tissues that are extraor- 
dinarily sensitive because little time has elapsed since primary infection, 
fibrosis is immature, and allergy has not had time or opportunity to wane. 

Why primitive natives should undergo excessive exposure to infection, 
given the opportunity of contact, is obvious and has been made plain 
above. Why of all members of our civilization infants, as a class, should 
also be inordinately exposed, if the chances of exposure exist, should also 
be self-evident, and need no elaboration. Experiment shows that, 
after primary tuberculous infection is achieved, it takes two weeks (more 
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or less) to allergize and to immunize the tissues, and do this to a high 
degree. It has never been shown that our babies or African natives differ 
in these respects from guinea pigs or rabbits or sheep or any other animals 
studied. We would therefore postulate that they too are promptly 
made highly allergic (as can be proved by skin tests) and immune. 

Again experiments show that large or repeated inoculations of tubercle 
bacilli create a greater allergy and immunity than do small or single 
applications. They also prove that, in the two weeks or so that are re- 
quired for the establishment of allergy and immunity, large or repeated 
infections with tubercle bacilli will lead to more numerous and more 
extensive initial foci, with presumably (and actually) more bacilli 
concerned. 

When, now, allergy and immunity do become manifest after relatively 
heavy (repeated) primary infection, they appear on a stage that is set 
with an array of focal tubercle and bacilli that is pregnant with vastly 
greater possibilities as regards allergic tissue reactions and the illness 
these set up. Here now are just the elements needed for extensive and 
widespread inflammatory and rapidly necrotizing (caseating) processes; 
so intense and extensive, indeed, that the patient may quickly succumb 
before there has been time for measurable fibrosis, or a clearing (resolu- 
tion) of the pneumonic changes and a later appearance of postpneumonic 
discrete focal tubercle. The sequence of events is of a piece with that 
observed in the tuberculized, and therefore allergized and immunized 
guinea pig, subjected to heavy artificial reinfection. Then there ensues 
grave, alarming, and often rapidly fatal illness at once. Those animals 
that die within one day to a week after reinfection exhibit lungs with great, 
coalescing patches of pneumonia, even of a haemorrhagic type if reaction 
has been extreme and, after three or four days, going over to necrosis. 
But those that survive the immediate florid illness will without excep- 
tion outlive any normal nonimmune, nontuberculous controls, which were 
subjected to identical applications of bacilli by way of first infection and 
have accepted these without the slightest display of inconvenience or 
discomfort during the early postinoculation weeks,—that is, until ana- 
tomical tubercle resulted. 

No, to conceive of tuberculous babies or tuberculous savages as over- 
susceptible to tuberculosis is to scrap every bit of scientific evidence of 
tuberculoimmunity that we possess. They can be no more ultrapredis- 
posed than is the tuberculous guinea pig, which we can prove indubitably 
to be highly immune,—always; and to a degree that varies directly with 
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the vigor and extent of its tuberculous process (until the cachexia of ter- 
minal stages depresses all reactivity). And we would lay down the prop- 
osition that the fulminating tuberculosis, that occurs frequently enough to 
be regarded as somewhat typical of babies and savages, is the expression of 
an initial heavy-tnfection tuberculosis extending into or discharged upon 
oversensitive and overimmune soil. When the previously healthy civilized 
adolescent or adult has the ill luck to have long-concealed and never- 
suspected caseous hilum lymph nodes erupt to all parts of a lung or both 
lungs, a not dissimilar sequence is precipitated, to wit, that rare disease 
phthisis florida, always secondary to antecedent focal tubercle, almost 
invariably encountered in persons without clinical history of earlier tu- 
berculosis, and incontestably arising in an immune body. 


Immunity and Allergy Competent under Average Conditions: Most 
civilized human beings do not go on to active progressive tuberculosis 
because, as has been hinted, the allergy and immunity aroused by their 
initial infections are competent to hold in abeyance and quiescence that 
focal tubercle which is the average resultant of the average kind and num- 
bers of bacilli concerned in primary infection acquired in the average 
way and then subjected to the average stresses of evironment. As the 
stresses of environment multiply to sum totals that exceed the average, 
the gates of pathogenesis open to increasing width and permanence; just 
as, when these stresses are done away with, tuberculosis in the active, the 
pathogenic, case under treatment, is lulled into quiescence, provided 
advance has not been so far or decided as to make retreat impossible. 
On August 1, 1914, the tuberculoimmunity and tuberculoallergy of the 
German people was no doubt of the same quality and quantity as they 
had been in 1910 and 1900 and 1880, or for a century. But under the 
load of wartime conditions morbidity, pathogenesis, leaps ahead at once, 
and at a rate that doubles and trebles mortality within two or three years. 
Moreover, pathological reports told of an undue tendency to fulminating 
types among adult patients. Again, it must be remembered here that, the 
less there enter into the lives of the individual and the general body of a 
populace the chances for physical and psychical recuperation and relief, 
the greater will become the probabilities of occurrence of acute tubercu- 
losis. For then a stern necessity keeps patients at their accustomed 
tasks the longer before pathogenesis is recognized and treatment is in- 
stituted. Then too the same compulsion shortens the periods and ham- 
pers the effectiveness of treatment for active disease. As a result, focal 
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fibrosis will diminish in competence, focal extension and eruption be far 
more frequent and serious, and acute, necrotizing tuberculosis more com- 
mon. In the case of the city negro indigence and an irresponsibility, that 
is racial, work hand in hand to the same effect. A tuberculosis that is 
allowed but inadequate chances to fibrose travels inevitably toward burst- 
ing of bounds and toward acuteness. The urban negro, doomed to a 
life of physical toil and with no more capital than his daily wage, is, in 
addition, so constituted that he will not drop his tools and seek advice 
until the symptoms of any disease transcend his endurance; nor will be 
continue treatment for any disease beyond the time when symptoms are 
again made bearable,—whether for tuberculosis, syphilis, or even acute 
pneumonia. In the circumstances the wonder is that he exhibits as com- 
monly as he does the chronic ulcerating pulmonary tuberculosis that has 
come to stand as the type for the white adult. 


FACTORS OF THE BACILLUS 


Are there attributes of the tubercle bacillus that presumably have their 
effect in determining which course a given tuberculous infection is going 
to take,—whether more or less inevitably toward pathogenesis or toward 
permanent inactivity? 

To regard bacillary variables as potent, perhaps the most potent of 
all elements that conceivably make for pathogenesis in tuberculosis, is, 
quite likely, the most natural point of view to take. In the early days of 
bacteriology we were prone to veer to such an opinion still more auto- 
matically. As a vista of almost illimitable possibilities of the new era 
opened, our attention became centred on the parasite to an extent that 
for a time neglected the likelihood that qualities of the other party to an 
infection, the host, might have anything to do with shaping its issue. 
Accordingly, the first decade or two after the discovery of the tubercle 
bacillus, devoted so largely to the more precise study of the etiology of the 
disease, witnessed many an inquiry planned and carried on to interpret 
the long-recognized and baffling diversity of tuberculosis in terms of the 
bacillus alone. 


Virulence: It can hardly be said that these attempts succeeded. The 
quality of bacillary virulence first passed under review and experimenta- 
tion, as investigators sought to correlate the multiplicity of clinical mani- 
festations with a presumed range of parasitisms. They tested the viru- 
lence of numerous strains of bacilli isolated from patients with every type 
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of tuberculosis, involving processes that ran the scale from most inac- 
tive, mildest and most chronic, to most severe, fulminant and acute. 
Their net result served only to arouse the rather unexpected impression 
that the tubercle bacillus is a germ of remarkably uniform virulence, and 
one that remains extraordinarily even through the many vicissitudes 
that years of a chronic infection can conceivably engender. 

Then came the detection of the bovine variety of bacillus, and twenty 
and more arduous years in establishing its place in human infection. 
It does infect human beings; that was made certain. It does cause mani- 
fest human disease; that too has at length been settled. It does on 
occasion kill; that can no longer be questioned. But in infecting, in 
making ill, in causing death, does it act any differently from the human 
bacillus?-—and how, and why? 


The Bovine Bacillus: The most noteworthy features of bovine-bacillus, 
as compared with human-bacillus, infection in man have turned out to 
be a much higher incidence of both infection and disease in childhood than 
in later life and an extraordinary rarity of progressive pulmonary disease 
set up by it at any age. 

The more common occurrence of bovine infection in early life may be 
supposed to reflect merely the much greater opportunities for infection 
through cow’s milk in childhood and infancy, when the chances of con- 
tact with contaminated milk must be immeasurably greater in both num- 
ber and magnitude than at any other period of life. We consider this a 
much more probable explanation of the phenomenon than any view that 
ascribes it to a hypothetical adult immunity set up by a hypothetical 
childhood infection. That infants and children ingest much more cow’s 
milk than do adults, and that milk makes up a much larger proportion of 
their diet are facts. That they take in many more bovine bacilli, and 
much more frequently and over much longer periods of time, is a strong 
probability that must follow from the fact. That human adults suc- 
cessfully resist tuberculosis by virtue of a specific immunity based on pre- 
viously acquired infection has never been demonstrated asa fact. How- 
ever, the certainty follows from-the uniform results of animal experi- 
mentation; but from the latter we must also conclude that the infected 
(by bovine bacilli) child is likewise made more resistant (specifically 
immune) to succeeding contacts with tubercle (including bovine) bacilli. 
Indeed, the child, made immune by infection, should be more resistant 
than the adult, immunized by childhood infection of a similar character, 
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for we have learnt (for instance, from cattle immunization) that specific 
immunity wanes as nonprogressive infection recedes with time. That 
adults, who can be assumed to have a high specific immunity, do acquire 
clinical infections anew (metastases, for instance) and do not resist ac- 
tive tuberculosis successfully, may we observed again and again in the 
clinic. 

Why do we see so little progressive pulmonary tuberculosis result from 
human infection with the bovine bacillus? Honesty compels the answer 
that we don’t know why. But we may readily observe another phenom- 
enon that may be pertinent here and significant. 

If we inoculate cows intravenously with virulent human bacilli we send 
the germs to all parts of the body. They settle in the lymph nodes and 
the joints, and they lodge in the lungs. They may remain alive for 
years, as they give rise to a slowly evolving focus in a joint that will cripple 
the animal. Those that become fixed in the lungs may arouse tubercle- 
formation there. But this is practically always a self-limited process, 
that reaches a moderate acme and then turns toward healing. In other 
words, the human bacillus will not cause progressive pulmonary tubercu- 
losis in cattle. 

Why, we don’t know. The fact remains. We may in our ignorance 
say that it is not the genius of human tubercle bacilli to set up progres- 
sive pulmonary tuberculosis in cattle, which amounts to about the same 
thing as that human bacilli are natively of comparatively low virulence 
for the Bovidae. And on this slender basis of analogy we may also sup- 
pose that it is not the genius of bovine bacilli to cause progressive pul- 
monary tuberculosis in man. Bovine infection of the lungs of children 
undoubtedly occurs,—frequently, and especially in subjects with exten- 
sive extrapulmonary bovine foci, but the pulmonary lesions practically 
never take on the characters of pathogenic processes. 

In all animals subjected to experimental inoculation bovine bacilli 
have been proved to be more virulent than the human type. Since the 
circumstance holds true even for anthropoid apes, a few writers have 
postulated that bovine bacilli must be of greater virulence for man like- 
wise. But clinical experience is overwhelmingly against this probabil- 
ity, and must be considered decisive. Yet human infection with these 
germs of relatively low virulence can illustrate beautifully conditions that 
will render a bovine-bacillus infection grave and even fatal. Bovine 
bacilli can lead to death in human beings. But, when they stage this 
catastrophe it is because they have been carried to places where tubercu- 
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lous infection is inevitably fatal,—to the meninges, for instance; and we 
have another instance of the quality, the grades of pathogenesis deter- 
mined, not by qualities of germ or host, but by location of infection. 

The weight of evidence, none of it for obvious reasons based upon 
direct experiment, is overwhelmingly against a virulence of bovine bacilli 
for human beings of any age that is greater than that of human bacilli, 
It is probably much lower; and to this likelihood we would attribute the 
great decline of bovine infection that takes place between childhood and 
maturity. Within this interval the ingestion of cow’s milk decreases 
enormously, which simply means that the opportunities for bovine 
infection must grow proportionately less. Accordingly, the absolute 
numerical incidence of bovine infections reaches its peak in childhood. 
Not being replenished, the actual infections in being tend from now 
on to come to an arrest. Much more:—they retrogress, subside, die out 
completely and disappear, caused, as they are, by a germ of comparatively 
weak invasiveness; until a bovine-bacillus incidence of, it may be, one- 
quarter of all infections in childhood becomes transformed into one 
of one-twentieth or one-fiftieth (or less) of all adult infections. 

On the whole we doubt very seriously whether the young stand ina 
peculiarly hazardous relation to bovine bacilli per se. But they are in 
greater danger of bovine infection because their feeding provides im- 
measurably greater opportunities for receiving bovine bacilli. From 
this point of view, and because of our conviction that most bovine in- 
fections die out with time, we incline to the belief that bovine infections 
perform their greatest service in childhood. Then, when most numer- 
ous and most vigorous, they protect young human beings against the more 
virulent human-bacillus contacts, and they then do this most perfectly. 
It is not inconceivable that a prime function might be so to resist human- 
bacillus contacts as to render the effects of these reinfections minimal, and 
that then the resulting milder human-bacillus infections that “stick” 
keep up a most lasting and competent immunity into and through adult 
life. 

One gathers from certain writers that, in children particularly, tubercu- 
losis of certain types, for instance, the lymph nodes or bones, must be 
of bovine-bacillus origin, the argument implying a sort of selective affinity 
of the bovine bacillus for certain tissues. It should not be difficult to 
dispose summarily of any assumptions of this nature. The high incidence 
of lymphatic and osseous tuberculosis among, say, the Filipinos, Chinese, 
and American Indians, whose consumption of cow’s milk or its products 
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is practically nil, will at once show how unwarranted is the contention. 
Cervical tuberculous lymphadenitis will be found to follow a curve that 
is expressive of at least three moulding forces. These are (1) the bacil- 
lary milieu,—whether human or bovine matters not at all; (2) the physi- 
cal environment and habits of the recipients,—whether dirty or clean 
matters much; and (3) the anatomical character of the lymphatic system, 
—whether of a kind to ensure free or impeded entrance and conveyance 
of germs received matters decisively. 

Accordingly, as a factor in the pathogenesis of tuberculosis, virulence 
of germ can be considered as momentous only within very broad limits, 
and for the infected individual hardly at all. It is when we come to 
quantitative features of the parasite that we are especially impressed 
with the varying possibilities of effect that the germ is capable of. 


Dosage of Bacilli, So Called: For here we have real evidence that counts, 
difficult though it may be to place it aright in the scheme of human 
infection. Biological experimentation yields testimony too clearly and 
readily to doubt that so called ‘‘dosage’’ of tubercle bacillus can be re- 
sponsible for differences of anatomical result, and therefore perhaps in 


regard to human pathogenesis. Take the same germ, make a suspension 
of it, and inoculate variable amounts of this same suspension into series 
of susceptible animals by way of first infection, and you get wide differ- 
ences of pathological and clinical effect. You will set up a range of in- 
fections from those that may not become manifest in months and years to 
those that kill in weeks. The certainty of activity of the infection, the 
rapidity of first appearance and later development of anatomical changes, 
and the vigor of morbid effects will all be directly proportional to the num- 
bers of bacilli concerned in the initial experimental infection. 

On this fact is erected the doctrine of so called ‘‘massive” infection. 
It is (so it is held) when the quantities of bacilli received are large, rather 
than ordinary or small, that the resulting infection is likely to become 
pathogenic. There have been some writers who would apparently make 
this the most important pathogenetic factor concerned in tuberculous 
infection. 

We would not question the soundness of the general proposition that 
size of “dosage” counts; we could bring forward numerous instances in 
support of it, especially in the case of metastatic reinfection. But, as 
to what extent “massive” dosage is operating to bring about that diversi- 
fied evolution of infection that is so characteristic of tuberculosis in ac- 
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tual human life,—that is another matter, and for us the important one, 
and we might point out here the risks of error involved in explaining, 
without further analysis, too much connected with the subject on the ba- 
sis of “massive” infection, if by ‘‘massive’”’ we understand very large or 
exceptional quantities of bacilli received from without and proceeding to 
set up fresh foci within the body. 

In the first place, it is only too common in actual practice to find, 
say, children frightfully exposed to tuberculosis and yet remain free from 
manifest disease, and frequent to meet with other children exhibiting 
clinical tuberculosis notwithstanding a contact that can be proved to 
have been slight, or too trivial to admit of substantiation. Lack of 
time prevents the documenting of this statement with particulars in 
support of it. But Iam confident that any unbiased inquiry would bring 
to light compelling evidence of so many cases whose clinical course could 
not be correlated with determined ‘‘dosage”’ of initial infection that we 
would be obliged to relegate this particular factor to the background in 
numerous particular instances.’ 

Again, we must ask ourselves whether we are clear as to what we mean 
by “massive infection” in actual life and whether “massive infection,” 
as first infection from without, is really taking place there. It is easy to 
conceive of metastatic reinfections as being “massive,” such, for in- 
stance, as when large foci erupt and send their contents to places where 
at one given time the material is concentrated and brought to bear upon 
a small territory. In experiment too it is easy to place with a syringe 
large numbers of tubercle bacilli at a single depot within the body. But 
can similar conditions be satisfied in the act of natural infection from with- 
out? It is well known that before they can exert an anatomical effect 
tubercle bacilli of first infection must be carried past the integuments 
and be deposited within the body,—beneath the skin or mucous mem- 
branes. We may conceive of large numbers,of germs, “massive doses,” 
being inhaled or ingested at any one time. But can we imagine great 
quantities borne submucosally anywhere at a single point at one time? 

There are on record instances of infants infected by phthisical rabbis 
in the act of ritual circumcision. These infants then went on uninter- 
ruptedly to progressive tuberculosis and death, as they exhibited an in- 
fection that was identical with that to be observed in the subcutaneously 
inoculated guinea pig. But, be it remembered, the conditions of infec- 
tion were identical: here were cases of massive human infection, and no 
mistake. When Cornet exposed his guinea pigs to contaminated dust 
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that he set in motion by sweeping, he arrived at disappointing results,— 
rather minimal infection, and confined to the tracheobronchial lymph 
nodes; as did Heymann when he had far-advanced tuberculosis patients 
cough for long and repeated periods into the faces of guinea pigs whose 
heads were fixed in direct line with the cougher and at a distance of only 
afewinches. The failures to produce anything but rather mild tubercu- 
losis in guinea pigs by feeding them infected material are well known. 
Practically all inhalation and feeding experiments that have resulted in 
the familiar rather rapid and progressive tuberculosis of guinea pigs have 
involved conditions that must be considered highly artificial with refer- 
ence to natural human infection, and such as we might call “strong-arm,” 
tosay theleast. As conditions approached those which may be presumed 
to govern human infection, the results became more similar,—milder 
and more delayed manifestations, or even the absence of progressive 
tuberculosis. 

Yet it can hardly be denied that, by and large, there is in human life 
a direct correlation between the quantitative factors of contact and the 
incidence of clinical tuberculosis, that is, pathogenesis. Any inquiry into 
pathogenesis must attempt to explain why, for instance, the children of 
tuberculous homes and those of tuberculous parentage will break down 
with tuberculosis with inordinate frequency. 

We cannot speak with certainty here. There is the economic factor 
to be considered,—the circumstance that, in general, tuberculous infec- 
tion, subjected to the stresses and deprivations that reduced pecuniary 
resources entail, responds toward activity: and few diseases can, and 
more commonly do, make greater financial wreck of a home than tuber- 
culosis. There is, again, the constitutional factor to think of. About 
this, as has been shown, we have no real information. - Nevertheless, as 
has been said above, all that we know about specific immunity would sug- 
gest that, if anything is inherited in this respect, the repeated tuberculiza- 
tion of the generations of a family should result in increase of immunity 
rather than its opposite. 

We suspect that, if we could get at the truth we should find that what 
is most effective in bacillary contact, quantitatively considered, are op- 
portunities for repetition of infection, and particularly the intervals of 
time between repeated infections. Experimental work, which would take 
too long to relate, suggests this strongly, and in summary leads to an 
opinion something as follows: A prolonged and more or less continuous 
exposure to tuberculosis, with its chances for frequently repeated intakes 
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of bacilli, and especially as intervals between successive infections 
become shortened, is decidedly more momentous as to pathogenesis 
than single casual or occasional contacts, no matter what the dosage. 


CONCLUSION 


As we follow the many varied threads of this complicated and tangled 
skein that leads to the pathogenesis of tuberculosis, we should ever keep 
in mind that between the time of reception of offending bacilli and that 
of pathogenesis the natural history of tuberculous infection rarely dis- 
closes it as pursuing an uninterrupted course. Even infected infants who 
do fall ill (and only the lesser number do) will be found to go weeks and 
months with inactive infection before breakdown; the child months and 
years; the adult years and decades. If we had no other facts to guide us, 
this circumstance alone should teach us that, in the majority of cases, 
neither native character of tissue nor kind or “dosage” of bacillus is de- 
cisive in establishing the pathogenesis of tuberculosis, contributory though 
each may be to the end-result. The net result of this inquiry is to sug- 
gest that, in most cases, out of the first meeting of virulent germ and sus- 
ceptible host, there results a tissue graft which, placed in the tissues of 
the animal, man, living a normal existence, would, because of a prompt 
acquisition of allergy and immunity, go the way of limited development 
and at last obsolescence. But civilized man has drifted far from the life 
of man the animal, and in the journey has been and is subjecting his en- 
grafted tubercle to varied forces that promote its growth and spread. 
Back of every awakening of tubercle, back of every nurturing of its 
evolution, is an experience or succession of experiences that have promoted 
its continued existence and progression. Common observation teaches 
us that, regarded physiologically, such an experience is characteristically 
of a stressful nature. Whatever may be stressful is to be viewed in its 
relations to the individual. The ultimate solution of the problem of 
pathogenesis of tuberculosis in human beings must be sought where the 
sick human being is,—in the clinic,—and the answer read out of the story 
of the human being himself. And, so far, his imperfect accents all 
speak one way,—to the effect that it is what he has done and what has 
happened to him since infection that have been most momentous. En- 
vironment, individual experience, has swung toward or away from patho- 
genesis the balance fixed by initial meeting of germ and host, and soon 
affected by allergy and immunity. 
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THE SCIENTIFIC BASIS OF THE PROGRAM AND THE 
ACCOMPLISHMENTS OF THE NATIONAL 
TUBERCULOSIS ASSOCIATION! 


LINSLY R. WILLIAMS 


The program of the National Tuberculosis Association and its affil- 
iated organizations has been based on scientific evidence since its incep- 
tion. On the best scientific knowledge that has been available these 
associations have carried on or brought about the maintenance of activi- 
ties for the cure, care and prevention of tuberculosis. Further, an 
honest effort has been made to discriminate between certain activities 
by stressing those which seemed to have relatively greater value with 
due consideration of costs. 

It would seem wise to review from time to time the knowledge gained 
and the program of our Association. 


It is known that tuberculosis is a communicable disease which affects 
man. It is caused by the tubercle bacillus. The type of bacillus which 
most commonly causes the disease in man is the human type. The dis- 
ease may also be caused by the bovine and, very rarely, by the avian 
bacillus. 

The disease may affect any part of the body, but more commonly the 
lungs, bones, joints and other serous-membrane structures, and lymph 
nodes, whether the infective agent be of bovine or human origin. 

The clinical symptoms will not in any way indicate the type of the 
bacillus. The bovine bacillus may cause pulmonary disease and the 
human bacillus may cause disease of bones, joints and lymph nodes. 

It was believed in 1904 that all persons infected were diseased, but it 
is now understood that this is not the case. The bacilli may enter the 
body by various portals of entry, chiefly the upper air-passages and by 
ingestion. 

The simplification of the tuberculin test made the diagnosis of in- 
fection relatively easy, but the diagnosis of active disease may still be 
difficult. 

1 Presented at the twenty-fourth annual meeting of the National Tuberculosis Associa- 
tion, Portland, Oregon, June 19, 1928. 
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UNIVERSALITY OF TUBERCULOSIS 


The work of Naegeli in 1900, indicating that every adult had a little 
tuberculosis by the time he died, was corroborated by many other ob- 
servers. 

The very general application of the tuberculin test from the years 
1907 to the time of the War seemed to confirm the fact that, by the age 
of 20, over 90 per cent were infected in civilized urban communities. 
Opie’s very thorough autopsy work confirmed Naegeli’s thesis. 

On the other hand there has latterly been definite evidence to show 
that infection is not quite so widespread as has been believed by many. 

The autopsies made by Naegeli, Opie and others were on bodies of 
persons who died in the hospitals of large cities. 

Observations made with the tuberculin skin test in’more recent years 
by Smith in New York City show a positive-reaction incidence of 
38-45 per cent among children from 10 to 13 years of age. Slater’s 
results for children in the rural schools of Minnesota were 7 to 13 
per cent of positive reactions at 10 to 16 years. 

The positive reactions of children of Framingham, tuberculin-tested 
in 1916 and similarly tested again in 1926, diminished 38 per cent. A 
similar reduction in the percentage of reacting children has been noticed 
in a children’s hospital in Baltimore. 

The mortality rates from tuberculosis in rural districts have very 
generally been lower than in urban areas, and an extremely low mor- 
tality rate has been noticed among the population of the agricultural 
states of the plains. 

In communicable diseases it is quite evident that morbidity bears a 
fairly constant ratio to mortality, and a consistently low mortality rate 
means without question a low morbidity rate. 


EPIDEMIOLOGY 


Some pathologists of a former generation divided infectious diseases 
into contagious or readily transmissible, and infectious or transmitted 
less readily. It is well known that measles is usually acquired by sus- 
ceptible persons and very often after one exposure. It is known that a 
child will react to tuberculin after brief exposures to persons with “open” 
pulmonary tuberculosis. 

It has been found over and over again that when careful inquiry is 
made the larger proportion of persons affected with tuberculosis have 
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at some time been exposed to another case. As a class, children who 
live in contact with cases of tuberculosis become infected in larger pro- 
portion and react to tuberculin at earlier ages than do children who live 
in nontuberculous families. 

Opie’s figures on this question are very striking; but there should be 
more observations and one would hesitate to state that Opie’s figures 
could be applied to all the population. 

Most observers believe that all children exposed to a contact case will 
become infected, but Krause points out that they do not necessarily 
become infected. At the tuberculosis clinic of the Johns Hopkins Hos- 
pital the proportion of positively reacting subjects has been no greater 
“among children exposed to clinically tuberculous relatives who were 
not excreting tubercle bacilli than among those without known expo- 
sure within the home.” (Austrian.) 

Opie’s studies show that many contact children do not become in- 
fected at once but only after the contact is prolonged. 

How many bacilli are necessary to induce infection? How many 
bacilli are needed to produce disease? 

We speak of the former as brought about by small “doses,” and we 


speak of massive “‘doses,” but we cannot count the bacilli in an expulsive 
cough or in a glass of milk. We know that infection takes place after 
slight exposure, and that after prolonged exposure over a period of years 
the contact does not necessarily become diseased. 

We know too that milk from tuberculous cows is a source of infection 
and that the doses here are repeated frequently before disease takes 
place. 


INFECTION 


Human beings are remarkably susceptible to infection with the tuber- 
cle bacillus and in civilized urban communities individuals have many 
opportunities of exposure to the bacillus. Infants are readily infected 
by exposure to consumptive parents or attendants, and in them infec- 
tion only too often becomes a virulent and fatal disease. When children 
are given cows’ milk for food, the opportunity is frequently given for 
infection and for repeated infections with bovine bacilli. 

Older children from five to twelve have a wider range of movement 
and are not usually in such close contact with tuberculous parents as are 
infants, nor is their diet made up exclusively of cows’ milk,—hence their 
opportunity for massive infection is less than in younger children. As 
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the child grows older the possibility of contact with a tuberculous mem- 
ber of the family increases, infection not infrequently becomes disease, 
and fatal results are not uncommon. 

Adults who have not been exposed to infection during infancy and 
childhood are also susceptible to infection. 


DISEASE 


Most persons who are infected never become diseased. The transi- 
tion from infection to disease is often an ill-defined zone or borderline 
condition, and offers some of the more important problems of diagnosis. 

As exposure to the tubercle bacilli is so common, and so many oppor- 
tunities are available for an individual receiving them into his body, 
it is not surprising that so many are infected by the twentieth year. If 
the first dose be small, just how small we do not know, the bacilli die 
out or are walled off, the individual not only does not become diseased 
but also acquires a certain variable amount of specific immunity against 
tuberculosis, which lasts as long as the bacilli remain alive within the 
body. If the first dose be large, how large we do not know, the infec- 
tion may settle in several places, disease develops and death may ensue. 
These statements are true for all ages. 

This first large dosage is noted in infants who readily develop menin- 
gitis and generalized miliary tuberculosis, and in adults it was especially 
commented on by Borrel in his observations on Senegalese troops during 
the War. 

Borrel believed that these Negroes, who had not been in contact 
with white civilization before the War, had not been previously exposed 
to tuberculosis, and that when infected they died after a very brief 
illness from generalized tuberculosis. Many of these blacks did not 
react to tuberculin when they first arrived in France. 

If the original doses be small and be successfully tolerated, the body 
with a certain acquired immunity is able to receive additional doses 
of the same or greater size. 

We know that in experimental animals, as well as in artificially im- 
munized cattle, acquired immunity may be lost and that in order to 
maintain this immunity the dosage must be repeated at intervals and 
_ with dosages not too great. We know too that immunity may be 

acquired against smallpox and typhoid fever and that this immunity 
may be lost. The very exhaustive work, performed in the immuniza- 
tion of calves with both living and dead tubercle bacilli, showed that a 
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sufficient and lasting increase of resistance could not be obtained without 
serious disturbance of the animals’ health. As yet there has been 
evolved no practicable method of immunization that has been accepted 
by the medical profession. 

There is evidence to show that although a certain immunity may be 
acquired yet such immunity is insufficient to protect the individual 
against disease if repeated doses of bacilli enter the body or an extremely 
large dose. There is ample evidence to show that contacts in tubercu- 
lous families, where the exposure is constant, develop tuberculosis and 
provide an enormous number of patients to be cared for. 

There are those who believe that the human race is better off by being 
protected by a certain amount of acquired immunity, and they fear the 
diminution of the number of infected or immunized persons. The under- 
lying idea is, that if civilized communities are not immunized those unin- 
fected individuals will be more susceptible to tuberculosis and will 
rapidly succumb to the disease when it is introduced again, perhaps in 
epidemic form. 

At the present time many persons receive dosages of bacilli of unknown 
quantity. The amount received may create an acquired immunity, 
or a definite diseased condition, or it may cause death. The present 
method of acquiring a slight immunity is costing the United States 
100,000 lives annually and millions of money. There is somewhat of an 
analogy in the history of typhoid fever. Forty years ago or more, 
often as high as 1 to 5 per cent of the population became infected and 
diseased with typhoid fever, and 90 per cent of those diseased recovered 
and were practically immunized against the disease for life. 

We did not accept this costly method of immunization, but we re- 
quired purification of water supplies and took the risk, if there is any, 
of developing a race highly susceptible to the typhoid bacilli. In other 
words, we do everything in our power to prevent exposure to typhoid 
fever. 

Adults are commonly exposed to varied dosages of tubercle bacilli, 
without apparently being harmed by them. Many instances are cited, 
showing the low probability of disease occurring in adults exposed to 
tuberculosis in the consort, or exposed in hospitals and sanatoria. 

On the other hand, the ravages of tuberculosis are far more marked 
in the ages 18 to 40 than at any other period, and marital tuberculosis 
does occur. Krause (4) states that “there are elements of resistance 
that would seem to be stronger in the child; there are other elements 
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that appear more effective in the adult;” and further, “It would seem 
the better wisdom to presume not at all upon a resistance, an acquired 
immunity, that must be of undeterminable and hypothetical integrity 
in any particular case. We shall be safer if we adjudge children and 
adults alike before the hazards of tuberculous infection. The only 
rational attitude 1s to protect all human beings of whatever age against 
exposure.” 

Naturally the tubercle bacillus is a deciding factor in causing the 
development of disease. More commonly the individual already in- 
fected has a certain resistance to tuberculosis as a disease. There are 
many important agencies which undermine this resistance, such as 
almost any acute disease, pregnancy, strain, overwork, worry, and, 
most important of all, underfeeding. 

Many individuals have assumed that underweight children are either 
tuberculous or predisposed to tuberculosis. 

There are many other causes of underweight, and many cases of active 
tuberculosis are found in children of normal weight. Chadwick and 
Rathbun have both urged the importance of this, and have found a 
surprisingly large percentage of children of normal weight who either 
showed evidence of disease or of marked infection and conversely a 
large proportion of underweight children who were not infected. 

The restoration to normal weight of undernourished children is not 
synonymous with cure or prevention of tuberculosis. Prolonged under- 
feeding, however, severely undermines resistance, and in those European 
countries where rations for the civil population were markedly reduced 
during the War there were marked increases in the death-rate from 
tuberculosis. 

Tuberculosis is preventable, and our more recent knowledge shows 
that far more must be done to prevent infection in infants and young 
children. We must not forget that adults may become infected and 
diseased, and that there is a considerable percentage of adults who are 
uninfected, and who possess no specific immunity. 

Tuberculosis is curable. In general, it may be said that the earlier 
the diagnosis is made, the greater the chance of cure. It must be re- 
membered that even the most advanced and apparently hopeless cases 
sometimes get well. 

There are other important facts that must be kept in mind continually 
in order to understand this peculiar disease. It happens occasionally 
that a patient diagnosed at the earliest possible moment and treated 
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by the most able and careful physicians in the most approved method 
may develop a continually extending process and succumb to the disease 
in a relatively short time. We must also remember that there are a cer- 
tain number of individuals who develop tuberculosis in mild form and 
who have chronic tuberculosis for the remainder of their life with only 
occasional symptoms from time to time. So many patients are doomed 
to a prompt and fatal disease and so many are condemned to a slow 
and mildly progressive course that in the former group all types of treat- 
ment are occasionally tried and in the latter group there are many suc- 
cesses heralded from almost any kind of treatment. 

It has been reported that patients treated at home or in dispen- 
sary do better than those treated in sanatoria and hospitals. This 
may be true in rare instances when sufficient funds are available to give 
the patient at home the same type of treatment that is given in a sana- 
torium. Clinicians who have worked in tuberculosis dispensaries and 
also in hospitals and sanatoria fully understand the type of mild recurrent 
tuberculosis of great chronicity, and the patients affected with this type 
of disease come to a dispensary several times a year over a period of 
five, ten, fifteen or twenty years. These patients rarely go to sanatoria 
as they are able to work most of the time. On the other hand there 
will come into the dispensary other patients of more acute type, with 
marked fever and symptoms which keep them from working, and who 
form the bulk of our patients in sanatoria and hospitals. Many of these 
patients die in hospitals and sanatoria after an illness lasting from one 
to three years. The lack of differentiation between two marked types 
of clinical disease is not recognized by investigators who are not clini- 
cians, and the news is heralded that dispensary treatment gets better 
results than hospital treatment. The fact remains, however, that the 
better the treatment and the earlier the treatment is begun, the more 
favorable is the chance of cure; and decisive also is the fact that many 
thousands of patients are annually restored to health, while 80 per cent 
and more of sanatorium patients are improved by less than six months’ 
institutional care. 

It will be impossible within the limits of this paper to define the reasons 
why each and every activity in the tuberculosis program has been under- 
taken, but with the very incomplete review of the foregoing data of 
tuberculosis, one can readily see the reasons why the various activities 
have been projected. 
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THE ANTITUBERCULOSIS PROGRAM AND ITS RESULTS 


During the early years of the Association its program was directed 
mainly to the education of the public and to efforts to bring about the 
establishment of hospitals and sanatoria. It was assumed in 1904 and 
for the better part of the next decade that all persons infected with 
tuberculosis were diseased, and that if the diseased person were isolated 
those not in contact with the patient would not be infected and would not 
become diseased. It was therefore urged that if such patients could be 
isolated in hospitals there would be a marked diminution in the incidence 
of tuberculosis. _ 

It was also believed possible to educate tuberculosis patients in hy- 
gienic habits so that the tubercle bacillus could be scotched at its source. 
The education of the public was begun in a rather large way by means 
of exhibits and all the usual popular educational paraphernalia. The 
number of persons interested in the possibility of diminishing the amount 
of tuberculosis in this country was limited, but many were stimulated 
by the educational work of the National Association to organize new 
associations in various localities. 

The continuation of the educational program finally resulted in the 
organization by the National Association of affiliated associations in 
every state and some 1300 other local associations. 

The Association was reorganized in 1919 in a manner which welded 
together more closely the various affiliated organizations which looked 
to the National Association for leadership and advice in determining 
the activities to be carried on by them. This leadership has been given, 
and certain activities have been continually stressed. These activities 
are now summed up in a contract which is signed every year by each of 
the affiliated associations and the National Association which permits 
the use of funds secured from the sale of Christmas seals for the activities 
itemized and described in the accompanying contract (see page oppo- 
site). However, these activities may besummed up in a very few words, 
as follows: To educate the public as to the menace of tuberculosis; to 
stimulate the proper agencies, usually, the health departments, to find 
cases of tuberculosis; to supervise these cases; to see that facilities for 
their care are provided; and to continue the supervision of the patients 
in so far as may be practicable from the time the diagnosis is made until 
they are no longer a menace to their families or their community. The 
activities necessary under this program include the full development of 
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AUTHORIZED FORMS OF TUBERCULOSIS WORK 


1. The Agent agrees that unless specific approval 
is given by the Board of Directors or Executive 
Committee of the National Association, authorizing 
other health activities, all funds derived from the 
sale of seals or substitutes in the Agent’s territory 
will be used only for the following forms of tuber- 
culosis work: 

Education 

2. The Agent agrees to promote an educational 
program to inform the public as to the nature, preven- 
tion and treatment of tuberculosis, such educational 
work to include: 

(a) The education and training of health workers, 
including the payment of expenses of representatives 


of tuberculosis or public health agencies to tuberculosis 
‘insti 


or public health conferences, 


for the traming of workers, 


(b) Definite community activities in the anti-tuber- 
culosis campaign, including tuberculosis surveys, public 
health nursing, tuberculosis clinics, hospitals, sanatoria, 
preventoria, open-air schogls, or kindred activities. 


(c) Activities for safeguarding children and others 
from tuberculosis infection and for increasing their 
powers of resistance to tuberculosis. 


(d) Education of the public on personal hygiene 


and the prevention of tuberculosis. 


Demonstration 


3. The Agent agrees to promote the demonstration 
of various forms of anti-tuberculosis work with the 
view to turning over these activities to the proper health 
authorities when their value has been shown and ade- 
quate appropriations of public funds are available. 
Under this provision the Agent or its sub-Agents may 
properly engage in the following activities for demon- 
stration purposes : 

(a) The employment of tubercnlosis or public 
health nurses to w! education, demonstration, 
or relief work as defined in this contract. 


_(b) Organization and temporary operation of clinics, 
dispensaries, or out-patient stations for the diagnosis 
and treatment of tuberculosis, and to secure the exam- 
ination and adequate care of persons exposed to infec- 
tion from the disease. 


(c) The establishment and temporary operation of 
open-air schools or fresh air classes for children who 
have been exposed to tuberculosis, or who are suscep- 
tible to the disease. 

(d) The establishment and t operation of 
preventoria, summer camps, or children’s divisions of 
sanatoria or hospitals for borderline, malnourished or 
open cases of tuberculosis in children. 


(e) The promotion of the health of children 
through education and the examination and adequate 


care of those who are undernourished or those who 
may be especially susceptible to tuberculosis. 


Legislation 


4. The Agent agrees to promote the organization 
and development of state and local activities for the 
prevention of tuberculosis and for the promotion of 
public health: 

(a) By the enactment of legislation for public 
health and the prevention of tuberculosis and provision 
for its enforcement. 


(b) By the establishment of state and local health 
departments and in such departments a division of tu- 
berculosis or other provision for the promotion of 
various forms of tuberculosis work. 


Cooperation 


5. The Agent agrees to cooperate with health de- 
partments and other official agencies to secure official 
approval of health activities of known value and ap- 
propriations therefor, such cooperation to include tem- 
porary financial support when deemed advisable. 


Rehabilitation 


6. The Agent agrees to aid in the rehabilitation of 
arrested cases of tuberculosis by follow-up work, such 
work to include advice, vocational training, placement, 
and such other after-care as may assist arrested cases 
to become partially or wholly self-supporting. 


Relief 


7. The Agent agrees that funds derived from the 
sale of Christmas seals and substitutes shall not be 
expended for relief except for the purpose of demon- 
strating a need to some other agency or in an emer- 
gency under the following conditions: 


(a) Payment in whole or in part under exceptional 
conditions for the maintenance of patients in hospitals 
or sanatoria where there is no provision for the main- 
tenance of such patients by duly constituted public 
authorities and when efforts to secure funds therefor 
from relatives, employers, churches, lodges or relief 
agencies prove unavailing. 


(b) Relief, of whatever medical or material form 
may be needed, for families in which there is a case of 
tuberculosis which cannot be placed in a hospital, pro- 
vided through definite medical nursing and social super- 
vision conditions are maintained to prevent further 
infection. (The foregoing presupposes that relief from 
other sources as indicated in paragraph (a) of this 
section is unavailable.) 

Note: In all communities having a population of 
approximately 30,000 or more the development of a 
suitable program may be most effectively accom- 
plished by the employment of a paid, full-time, 
trained executive, 
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state and local health departments, the construction and operation of 
hospitals and sanatoria for the care of patients, the maintenance of pre- 
ventoria, children’s health camps, diagnostic clinics, either in connection 
with hospitals under the direction of health departments or travelling 
clinics for the detection and diagnosis of cases, and the employment of 
public-health nurses either by health-department or other governmental 
authority, or by voluntary agencies. 


THE PROGRAM 


The most important features of the program of the national, state 
and local tuberculosis associations since the beginning of the movement 
in the United States in 1904 have been those measures which have 


brought about: 


The adoption of various procedures by health departments for the notifica- 
tion’ and supervision of persons afflicted with tuberculosis; 

The construction and maintenance by cities, counties and states, of institu- 
tions for the care and treatment of tuberculosis patients of all types; 

The establishment and maintenance of institutions for the prevention of 
tuberculosis, such as preventoria, open-air schools and camps; 

The instruction of the public, men, women and children, in the methods of 
avoiding and curing tuberculosis; and, finally, 

The intensive scientific study and methods to be used in the prevention and 
treatment of tuberculosis. 


The most important activities now being carried on, under the lead- 
ership of and in affiliation with the National Tuberculosis Association, 
by health departments, state, city and county tuberculosis associations 
and other agencies, may be summarized as follows: 


1. Compulsory notification of cases of tuberculosis and deaths resulting from 


tuberculosis. 
2. Provision for the free examination of sputum by public laboratories. 


3. The adoption and enforcement of ordinances prohibiting expectoration in 


public places. 
4, The protection of the milk supply by pasteurization, tuberculin-testing 


and other measures. 

5. Provision of hospitals for the care of advanced cases of pulmonary tuber- 
culosis and for their compulsory removal from their homes in exceptional 
cases. 

6. The provision of special hospitals for nonpulmonary cases of tuberculosis. 
7. The creation of sanatoria for the treatment and education of incipient 


cases of tuberculosis. 
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8. The creation and maintenance of clinics and dispensaries for the diagnosis, 
treatment and supervision of relatives of indigent patients, either discharged 
from sanatoria or not sufficiently ill for hospital care. 

9, The supervision and education of patients and their families by public- 
health nurses attached to the dispensaries. . 

10. Special preventive measures for children who are undernourished or ex« 
posed to massive infection with tuberculosis, by open-air schools, open-air 
classes and preventoria. 

11. Propaganda and educational work seeking (a) to improve the methods 
of instruction of medical students and nurses on the subject of tuberculosis; 
(b) to create state and local organizations to organize community programs 
for control of tuberculosis; (c) to teach the fact that a reduced standard of 
living increases the likelihood of the development of tuberculosis; and (d) to 
recommend various procedures to improve the health of the individual and the 
community. 

12. A ceaseless campaign for educating the individual on the nature, treat- 
ment and prevention of tuberculosis; on the modern principles of hygiene; 
the necessity of good health habits; suitable housing facilities; sufficient 
amounts of properly prepared food; well-regulated exercises; cleanliness; 
avoidance of long hours of laborious work and of overcrowding; proper venti- 
lation in the home and while at work; and other measures that tend to a 
proper healthy regimen of life. 


RESULTS OF PROGRAM 


The results of this program, forwarded since 1904 by the National 
Tuberculosis Association, may be seen first in the growth of its affiliated 
organizations and agencies. When the National Tuberculosis Associa- 
tion was founded in 1904 there were in the United States only 3 state 
and 15 local tuberculosis associations. Of these not more than five 
had sufficient funds with which to carry on any kind of program. On 
January 1, 1926, there were in the United States (not including insular 
and outlying possessions) 48 state associations (plus one in the District 
of Columbia) and 1154 local associations, and a somewhat indefinite 
number of loosely organized committees, estimated at 350. In 1904 the 
100 tuberculosis hospitals then in existence were for the most part private 
and commercial, and, all told, provided only 10,000 beds. In 1926 
there are 600 hospitals and sanatoria, including 359 state, city, county 
and federal sanatoria and hospitals, with a combined bed-capacity of 
70,000. The number of open-air schools has grown from the first one 
in 1908 to approximately 3000 in 1926, and the number of preventoria 
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from 1 in 1909 to 24 in 1926. Clinics and dispensaries have shown a 
remarkable growth in two ways: first, in a numerical growth from 25 in 
1904 to 600 in 1926; and, second, in kind and method. To-day even the 
remotest hamlets of the West and South have tuberculosis clinic service 
through the recently developed ambulant, travelling or occasional clinic. 
The number of such individual clinics held in 1925 would aggregate over 
2000. Similarly the public-health nursing movement, started in the 
early days of the National Tuberculosis Association as a tuberculosis 
agency, has grown to large proportions. Of the more than 11,000 public- 
health nurses in the United States at present, more than half are devot- 
ing all or most of their attention to tuberculosis and a large part of the 
remainder are doing some tuberculosis work. 

There is occasionally some confusion in the minds of both physicians 
and the laity as to what the National Tuberculosis Association has done, 
inasmuch as so many people appreciate that the accomplishments above 
referred to are to a large extent carried on by government funds. There 
should be no confusion on this subject and the method should be more 
generally appreciated by the public. Let us take an example: The 
‘county A in the state of X is entirely unconscious of a tuberculosis 
problem, although the overseer of the poor and a few of the county 
commissioners know that the county is spending several thousand dollars 
annually for the care of chronic tuberculosis patients at the poor farm. 
A busy, aggressive, lay secretary pesters a number of the doctors and 
important individuals, and says that the county has a population of two 
hundred thousand and that there must be over 150 deaths a year in the 
county from tuberculosis, that there must be over a thousand persons 
living in the county with active tuberculosis. With the support of the 
tuberculosis association, the dectors are interviewed and death records 
are consulted, and during a period of a year or more considerable dis- 
cussion takes place in many quarters; and finally the Board of Com- 
missioners or Supervisors consider a resolution to build a county tubercu- 
losis hospital, and a hearing is held. We ask you: Who appears at this 
hearing and why? Does the health department take the leadership or 
the county medical society or the representatives of the legal profession? 
No—it is almost always a marshalling of prominent citizens at the insti- 
gation of the pestering agent of the tuberculosis association, who have 
already been furnished with facts, and then the Board adopts a resolution 
or suggests that a referendum be held on the subject. It is well recog- 
nized in this country that amendments to the constitution of a state or 
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referenda do not pass unless somebody is interested in getting out the 
vote. Who gets out the vote to have the referendum passed? There 
is only one agency to do it, and we know it is the tuberculosis association. 
After the referendum -has been enacted there follows the question of 
selection of the site, selection of the architect, consultation with experts, 
selection of the sanatorium superintendent, equipment of the sanatorium, 
admission of patients, etc. In each one of these steps that are taken, it 
is the county tuberculosis association aided by the state and national 
association which stimulates, guides and directs the whole train of 
events and, were it not for the combined affiliated associations, hospital 
and sanatorium construction would not have taken place in the way it 
has. The affiliated tuberculosis associations can take more credit than 
any other group of agencies for the establishment of sanatoria and hospi- 
tals; and these sanatoria and hospitals have done more than any other 
single factor to reduce mortality and morbidity rates of tuberculosis in 
this country. For a generation there has been in progress a broad sana- 
torium ‘‘movement,”’ and it is the National Association which originated 
the movement and carried it forward. 

In all the other parts of the program and in all the activities carried 


on, it is almost always the affiliated tuberculosis associations which have 
taken the leadership, which have demonstrated the need, which have 
launched the activity, which have stimulated government to take over 
the activity and which have supported it after it has become a govern- 
mental affair. 


RESULTS OF THE PROGRAM 


There is no reason why the affiliated tuberculosis associations should 
not take credit for a large proportion of the diminished death-rate from 
tuberculosis. This death-rate, which has diminished by half during 
the past twenty years, has been reduced largely by two factors. The 
increased intelligence and wealth of the people have made it possible for 
them to apply those sanitary and hygienic measures which improve the 
general health and resistance to the disease. The affiliated tuberculosis 
associations have fostered and supported a general movement for the 
improvement of health conditions by the education of children in health 
habits, by projects for better housing, and for better sanitation. These 
associations have supported laws, resolutions and projects for better 
water supplies, better sewers, pasteurization of milk, infant-welfare 
stations, and better health laws, and have in fact been the most potent 
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factor in supporting the official health agencies, which has made it 
possible for a continued expansion of health work in nearly every state 
in the Union. 

We believe that the program and activities as maintained by the 
National Tuberculosis Association and its affiliated agencies is based on 
scientific evidence, that its program is sound, and that its activities are 
useful and have constituted one of the most potent factors for improv- 
ing the people of the United States. 

The reduction of tuberculosis mortality has been marked, and particu- 
larly so in the age-group 0-15. In the past twenty-five years the reduc- 
tion for all ages has been about 55 per cent, and in the lower age-groups 
nearly 70 per cent. In Chicago, the death-rates of infants under one 
year in 1900 were male 349.5, female 294.8 per 100,000; in 1924 they 
were male 94.4, female 78.7,—a most remarkable contrast. 

Another striking result is the diminution of tuberculosis of the lymph 
nodes. Twenty-five years ago, large hospitals announced operations 
for tuberculous lymph nodes in the neck several times weekly, while 
to-day surgeons are seeing such cases infrequently. These reductions 
are due to the pasteurization of milk and to the general reduction of 
human tuberculosis. One must not forget that lymph nodes are infected 
by human as well as by bovine bacilli. 

The pasteurization of milk has been among the prime objectives of 
the National Association, and has been urged by the affiliated tubercu- 
losis associations, yet credit is due to the state and local health officers 
for the successful results they have obtained in securing the very general 
pasteurization of milk consumed in our cities. 

This effective pasteurization has also reduced the mortality from 
intestinal disorders of infants and children and, where performed, has 
almost removed the possibility of milk-borne epidemics of such diseases 
as typhoid fever and septic sore throat. 

The antituberculosis campaign has had a marked influence on other 
public-health activities. It has stimulated new activities for com- 
batting other diseases, it has enlarged the scope of health-department 
activities, and the affiliated associations have to a large extent supported 
nearly every public-health activity throughout the entire country. 

An important activity of the central office of the association is the 
giving of advice on financial and organization matters. We cannot be 
too careful on matters of budget, financial reports and audits. We must 
question the value of every dollar expended and account for every cent. 
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We must see that methods of administration are sound, and we must 
recognize the fact that every institution, agency, society or association, 
whether public or private, which is not run for profit is liable to waste, 
and we admit too that many efficient money-making corporations are 
sometimes wasteful. We must have earlier diagnosis and we must 
continue our efforts to isolate the open case from healthy contacts. We 
must do more to keep children in good health. We must have more 
preventoria, open-air classes, country year-round boarding schools. 
We must have more effective registration and health-department super- 
vision, and use every effort to continue the aims set forth by the Associa- 
tion, and we will secure success ultimately if funds are available to 
permit us to do it. 


I want to express my deep appreciation to Dr. Eugene L. Opie, Dr. Allen K. Krause and 
Dr. Edward R. Baldwin for helpful suggestions in the preparation of this paper. 
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TUBERCULOSIS PREVENTION AND HEALTH EDUCATION 
IAGO GALDSTON 


The tuberculosis movement has pioneered much of what is to-day 
recognized as sound public-health theory and practice. It was also 
among the first of all voluntary socioeconomic efforts to appreciate the 
importance and value of public-health education. 

In considering health education as part of the prevention and treat- 
ment of tuberculosis it is therefore appropriate to review the evolution 
of the health-education movement in the light of the history. To 
this end it will be enough to reflect on the history of tuberculosis, 
especially as regards the state of our knowledge of the disease, say, one 
hundred years ago. Laennec had just achieved his epoch-making studies 
on the clinical and pathological phases of tuberculosis. Villemin had 
not yet appeared on the stage to show, through his ingenious experiments; 
the infectious character of tuberculosis, and, of course, Robert Koch 
with his precise bacteriological researches was still enshrouded in the 
impenetrable veil that covers the years to come. As the nineteenth 
century evolved we saw the brilliant work inaugurated by that great 
Frenchman and true founder of our modern knowledge of tuberculosis, 
René Theophile Laennec, carried further by a host of men, the like of 
whom had perhaps never before crowned with so much glory in the 
compass of one hundred years. Laennec clarified the clinical and patho- 
logical picture of tuberculosis, defining the disease in such a way as to 
prevent its confusion with the other pathological entities that resemble 
phthisis. Through the application of that simple but ingenious instru- 
ment, the stethoscope, of which he was the inventor, Laennec was able 
to coin a nomenclature and to crystallize a set of ideas, which linked 
closely together in causative relationship the signs and symptoms per- 
ceptible in the patient and the underlying morbid changes which brought 
them forth. Villemin through his famous experiments, whose irrefutable 
conclusions were so violently opposed by even the most experienced and 
famous of his contemporaries, opened the way to the identification of the 
etiological agent of tuberculosis, and to the verification of the infectious 
character of the disease. 
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Koch, through his well-known researches, was at last able to bring 
the tubercle bacillus to the knowledge of mankind, and to identify it 
definitely as the indispensable causative agent of tuberculosis. Through 
the brilliant efforts of these men we had therefore succeeded in defining 
tuberculosis as a pathological entity, and in identifying its causative 
agent. How great an achievement this was can be appreciated by those 
who know the full history of tuberculosis, as well as by those who know 
the relatively fruitless delvings and gropings during those centuries which 
elapsed between the time of Aristotle and Galen, and Laennec and Robert 
Koch. 

But all this scientific medical progress made during the nineteenth 
century were socially valueless, save perhaps as individual achievements, 
if it could not be applied to the combating of the pestilence known 
through the centuries as phthisis. And, indeed, we find that the tuber- 
culosis movement, under the stimulus of Koch’s discoveries, came into 
being at the beginning of the twentieth century, to make the first large- 
scale efforts to combat tuberculosis. 

By virtue of Koch’s work the tuberculosis movement first concentrated 
upon the widespread destruction of the ubiquitous bacillus, upon the 
detection of the incipient case, upon the isolation of the open pulmonary 
case, and upon quarantine in all its phases. To speak in the parlance of 
the day, the tuberculosis movement centered first of all on the “bug.” 
It was at that time that far-flung antispitting crusades were first 
inaugurated, and when Boards of Health were invested with police power 
giving them authority to practically arrest the open case of tuberculosis 
and remove it from the environment which it was rendering dangerous. 

But early in the twentieth century it became evident that concentrating 
the fight against the tubercle bacillus, per se, could not go far in lowering 
the prevalence of tuberculosis or in reducing tuberculosis mortality. 
Thanks to the work of a host of men, it was definitely established that in 
tuberculosis there are two conditions prevailing, one, the so called tuber- 
culous infection; the other, tuberculosis the active disease. In the 
application of the Pirquet test and through careful postmortem studies 
made on individuals without a history of active.tuberculosis, it soon 
became evident that, whereas a very large percentage of individuals are 
invaded by the tubercle bacillus, relatively few among these ever develop 
the active disease. This was a challenging revelation, and, of course, 
it was at once asked “Why, if so many suffer tuberculous infection, do so 
relatively few become actively ill?” It was the study of this most 
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interesting question that led ultimately to the appreciation of the value 
and importance of public-health education. 

How was this achieved? Substantially, in this manner: When 
statistical, sociological, demographical and other studies on the prev- 
alence of tuberculosis were made, among the various results attained 
there loomed large the fact that, apart from the native resistance to 
tuberculosis that an individual may or may not have by virtue of race, 
physical type, etc., there is operative in or against his favor another 
type of resistance resulting from the benevolence or the malevolence of 
his environment. In other words, it was discovered that one’s environ- 
ment, per se, independent and apart from the tubercle bacillus, plays a 
determining réle in the engendering of active tuberculosis. It appeared 
that the greater the poverty, the greater the hardships, the more marked 
the unsanitary conditions, the poorer the hygienic habits of an individual 
or group, the more liable is such an individual to tuberculosis, and the 
more prevalent will tuberculosis be in such a group. Obversely, the 
better the economic conditions, the better informed the individual and 
the group, the better the hygienic practices, the less liable is the individual 
to active tuberculosis, and the less prevalent will tuberculosis be among 
such a group. As Krause has expressed it: 


If anything is certain, it is that the curve of incidence of morbid tuberculosis 
will run closely parallel with comparative deprivation of the means of subsis- 
tence and all the overstrain, exposure, faulty living and misery which accom- 
pany inability to live comfortably—granted always, of course, that tubercle 
is a universal infection in any community in question—and understood, also, 
that fixed monetary incomes must not be our economic standard, inasmuch as 
the same annual return may buy comfort for the peasant of Bulgaria yet spell 
poverty for the inhabitant of New York City. 


Therefore, as the twentieth century progressed, it became evident 
that something more than the isolation of the open case, something more 
than the mere combatting of the tubercle bacillus as such, was required 
to reduce tuberculosis morbidity and mortality substantially. That 
something crystallized into what is to-day recognized as health educa- 
tion. For it is a simple logic that prompted the innovators to conclude 
that if environment in its more inclusive sense exercises so powerful an 
influence over the individual, determining to so large a degree whether 
or not he will be infected with tuberculosis and whether or not that 
infection will remain quiescent or become active, then it is evidently 
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desirable to “‘educate”’ the individual, and through education to influence 
his environment for the better. Since time immemorial education has 
been recognized as a highly potent force through which one can affect 
the individual’s behavior and environment. And health education 
concentrates primarily on the hygienic aspects of the individual’s habits 
and environment. 

More specifically, if health habits, if hygienic practices, if economic 
and effective expenditure of resources for food, clothing and shelter bear 
a direct relationship to the prevalence of tuberculosis in a group, and 
directly influence what is recognized as the nonspecific resistance of the 
individual to tuberculosis, it then follows as irrefutable logic that if the 
individual can be taught good personal hygiene, good health habits, 
good practices with regard to food, rest, and the prevention of infections, 
his general resistance will be increased,—he will be less liable to active 
tuberculosis, and the prevalence of the disease as such will be reduced. 

Health education began with this thesis as its warrant. The first 
endeavors were brave. To-day, as we look back upon them, they appear 
about as solid and provoking as the overstuffed furniture of the eighteen- 
nineties. Some of us can still remember the empty-corner-beer-saloon 
tuberculosis exhibit, with its tuberculous and anthracotic lungs pre- 
served in formaldehyde: with its jars of colored beads, each bead repre- 
senting a soul victimized by tuberculosis; with its large painted skeletons 
depicting graphically the numbers annually dead of tuberculosis in the 
United States; with its flashing lights, each flash signalling the entrance 
of another soul into eternity via tuberculosis. As the cartoonist puts 
it, “Them were the days.” 

But since then health education has risen above the empty-beer- 
saloon level. A few years of experience with this type of health educa- 
tion taught us that the negative approach, the fear motive, connected 
with imperious fiats, and with series of do’s and don’ts, was neither effec- 
tive nor desirable. In this way people could be frightened, but they 
could not be educated. And what we needed was not a people suffering 
from phthisiophobia, but a population informed, intelligent and ever 
on the alert. Following this conviction, the character of our health- 
education activities changed. For the imperious do’s and don’ts were 
substituted persuasive, argumentative and informative instructions. 
At this period health education acquired the character of popularity. 
It became popular health education. More attention was paid to the 
correct psychological approach. The public-health physician began to 
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appreciate the need of learning a new language, the English of the every- 
day man in the street. It was at this period that Hermann M. Biggs, 
great pioneer in public health and one of the first to appreciate the impor- 
tance of public-health education, coined the now world-famous expres- 
sion: Public health is purchasable. Within natural limitations any 
community can determine its own death rate. And he, perhaps better 
than many of his contemporaries, knew that some of the coin of purchase 
was health education. From that period on to this day health education 
has followed a consistent path of development, and has become more and 
more strictly an educational process. Through every channel, by every 
means, the public is approached with facts pertaining to health con- 
servation, life extension, and the prevention of disease. Every tool and 
instrument of education is exploited in health education: the spoken 
word, the printed page, the radio, the cinema, posters, posterettes, even 
sky writing have been and are being used in health education. And there 
is evolving about health education a unique philosophy and technique. 

At this point it may be asked, ‘“‘How does this apply to the practising 
physician?” The answer is that the bearing of public-health education 
on the work of every practising physician is direct and of vital impor- 
tance. The more thoroughly and the quicker we appreciate this, the 
more gratifying will be the results of medical practice, and the more rapid 
will be the progress of public health and of public-health education. 

It must be recorded as historically correct, that the public-health 
movement as a whole was initiated, propagated and advanced without 
the codperation of organized medicine, and often despite the profession’s 
intense opposition. The first Boards of Health, both in England and in 
America, were instituted at the behest of sanitarians and public-spirited 
citizens, and only rarely did we find the movement sponsored by some 
individual, far-seeing physician. Perhaps the individualistic character 
of medicine, the ingrained individualism of its practitioners, may ex- 
plain this phenomenon. 

When Biggs first recommended the reporting of tuberculosis, suggest- 
ing that it be incorporated in the laws of the State of New York, his 
suggestion was met with intense opposition. Numerous medical societies 
throughout the State went on record against the project. Through his 
magnetic personality and high-grade diplomacy Biggs was able to over- 
come this opposition and to persuade the medical profession as to the 
benefits of reporting tuberculosis. To-day we are convinced of the 
wisdom of his action and we know to what extent we have profited. 
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On the score of many public-health measures, and particularly on that 
of health education, organized medicine had until recent times been 
harshly conservative, adhering with perhaps an admirable obstinacy to 
its aged code of ethics, a code which, lacking in elasticity, has in many 
ways been hopelessly antiquated by the march of events. Recently, 
and particularly during the last decade, the pressure of events has driven 
organized medicine into a position where, perforce, it must recognize 
public needs and must alter its practices to suit. The events of the past 
decade are most encouraging. Within limits it is now possible for the 
average practitioner to legitimately appear before the public and to 
discuss health matters. ‘The American Medical Association has become 
affirmative in its actions, having relatively recently undertaken the 
publication of a medical magazine addressed to the laity. 

In the matter of health education we must consider not only the physi- 
cian, but the publicalso. The public, which has been taken into the confi- 
dence of a host of other scientists dealing with the intricacies of other 
fields, has now developed an urgent and persistent demand for health 
information. It is curious, and desires to know about the body’s struc- 
ture, its functions, the ills to which it is subject, and the ways in which 
such ills may be circumvented and, when developed, overcome. The 
physician can no longer pose as “the man of mystery,” and remain one. 
Less than at any past time does he awe the public. The modern public 
looks upon him as counsellor, advisor, friend, one to whom it may turn 
for information and for explanations that will make clear the mysteries 
of the body and the body’s ways. 

And if the physician is to retain the confidence of the public, if he is 
to have a friendly relationship with his clientele, if he is to prove effective, 
if he is to safeguard the public from the wily ways of the quack, the 
charlatan, the zealot and the bigot, he will have to meet these demands 
of the public in a free and generous spirit. He will need to impress his 
patients and his clients not with an awe-inspiring air of mystery, but 
with the clarity and incisiveness of his understanding of the human body 
and all that pertains to its care, and with the facility with which he is 
able to impart the asked-for information to his patients. The young 
physician of to-day, who is aware of his social responsibilities and is 
ambitious to render full service to humanity, after he has learned as much 
of medicine as he can in the lecture halls and laboratories of medical 
schools and in the wards of the hospitals, will round out his education by 
taking an active part, to the degree that is permitted him, in the public- 
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health activities of his community. If his medical studies give him 
knowledge, such participation in public-health activities will offer him 
culture. As a practising physician he cannot help but profit by his con- 
tact with and knowledge of the larger problems of social health. Already 
a number of medical schools, Columbia among them, make public health 
a required subject. This course, taken perforce in theory, can be made 
more effective if supplemented with active participation in public-health 
activities. And the field where the physician can operate to best ad- 
vantage in the public-health movement is public-health education. 
Others, untrained in medicine but highly competent in administrative 
matters, specialists in epidemiology, bacteriology, etc., can play perhaps 
a more efficient part in the promotion of other phases of public health, 
but public-health education can best be promoted by the physician who 
knows medicine in all of its various phases and who has learned the simple 
art of making himself intelligible to his listeners. Such a physician has 
a rare privilege and a great opportunity. He appears before his audience 
in the réle of a teacher, speaking wisely and instructively of things that 
cannot but be of interest to every man. 

Finally, health education is an important instrument in the armamen- 
tarium of every physician, an instrument which he can apply and use as 
effectively as he uses his stethoscope and his medicaments. Health 
education has been elevated to this position by virtue of our ever-finer 
appreciation of the nature of disease. Doctor William Allen White, in 
a very learned recently published brochure, called The Meaning of Disease, 
makes this point lucidly and convincingly. Modern medicine cannot 
conceive of disease as an entity, resident within a person but independent 
of that person’s constitution and personality. Disease is conceived as 
an essence rather than as an entity, and for the manner of former years, 
when the disease was treated and the patient forgotten, to-day is sub- 
stituted the technique that takes into consideration the patient in his 
entirety, and seeks to affect, in the aim of finding a cure, the being of the 
patient as a whole. The psychological factor involved in disease, which 
is an outstanding feature in Doctor White’s brochure, is amenable to 
sanitation through education. The prevention of a recurrence of morbid 
manifestations is furthered by education. 

We find, therefore, that health education is indeed a potent instrument 
for the furthering of public health, for the prevention of disease, and for 
the promotion of the effectiveness of therapeutic procedures. Conse- 
quently, it is a topic of vital interest to every broadminded physician. 


TUBERCULOSIS AND PUBLIC HEALTH! 
ALLEN K. KRAUSE? 
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Some day a man will write a new kind of history. Its keynote will 
be the shaping of human destiny by disease, and, let us hope, the guidance 
of this destiny by virtue of the control of disease. 

What a story will lie ready! Power at its peak tumbled down by the 
microbe’s stroke,—and vast expanses of the earth suddenly released from 
threatened thraldom. The flashes of migraine graving messages divine on 
souls made sensitive by denial of the flesh (1) ,*—and new religions started 
on their way to win the world. Territories cleared of savage foes by 
pestilence, and thus made ready for the tender seeds of undreamed-of 
civilizations. The balance of class and mass overturned by death-deal- 
ing plague,—with a brighter dawn breaking through long-established eras 
of social usage. Tropic jungles freed from parasitic barriers,—and made 
habitable for those teeming millions that even now perturb the Cassan- 
dras of nations proclaimed effete and spent. 

How, for instance, disease stayed the hand of Alexander, at thirty-two, 
with Asia and the world about to fall within his grasp. How it struck 
down Henry V, “great conqueror,” when only thirty-three, and with in- 
heritance of France settled at last: and then, how, within seven years, the 
mind of a shepherdess, turning inward and feeding upon itself, heard 
voices,—and the Maid reverses the course of acentury. How weak lungs 
sent “the child of an English parsonage” (2) to the other end of the earth, 
there to spend himself for the greater, if doubtful, glory of the Empire. 

Or of the Children of Israel, as disease levels the barriers, and re- 
leases them from “‘the House of Bondage.” Or, now, Athens, in fullest 
flower and facing its age-old rival,—when disease brings down upon her 


1Tae HERMANN M. Biccs Memoriat Lecture for 1927, given under the auspices 
of the Medical Society of the County of New York and the New York Tuberculosis and 
Health Association, at the New York Academy of Medicine, November 16, 1927. 

2 Director, Kenneth Dows Tuberculosis Research Laboratories, Johns Hopkins University 
and Hospital, Baltimore, Maryland. 

’ The numerals in parentheses refer to correspondingly numbered notes following the text. 
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“more terrible damage than the severest defeat in battle would have 
done” (3), and the chance for hegemony over Hellas slips from her forever. 
- Or the reign of Marcus Aurelius: never had civilization climbed so high; 
—when the havoc of pestilential disease, shaking the Empire critically 
and hurling at it blows from the effects of which it never recovered. Or 
the times of Justinian,—as plagues sweep the world and rage with only 
gradual abatement for fifty-two years, making, in the language of our 
most picturesque historian, his reign “disgraced by a visible decrease of 
the human species, which has never been repaired in some of the fairest 
countries of the globe”’ (4). 

The historian will examine Jones’s fertile idea that it was malaria that 
really blotted out the high civilization of ancient Magna Grecia and of 
Southern Italy, where once descended “‘a sudden and final desolation not 
easy otherwise to account for” (5). He will dwell particularly on the 
Black Death of the fourteenth century ;—pulling the props from feudal- 
ism; bringing about perhaps the most radical and universal social changes 
that Europe had ever known; so upsetting relations between master and 
man as to breathe “‘a spirit fatal to the whole system of the Middle Ages,” 
and arousing “‘the defiance of socialism” (6) that culminated in Jack 
Straw, Wat Tyler and John Ball. 

He will observe the hand of Disease in moulding the destiny of our 
own United States, sprung from that hardy sect that clung to Plymouth, 
whence spread the shoots that ripened into America the new and the 
characteristic. Even the First Fathers saw the hand of God in the pes- 
tilence that had laid low the savages on the coast of Massachusetts Bay, 
and rendered their own possession safe. For Nathaniel Morton’s pious 
pen relates (7) how 


The Lord also disposed, as aforesaid, much to waste them [the aborigines] by a 
great mortality . . . . soas the twentieth person was scarce left alive when 
these people [the pilgrims] arrived, there remaining sad spectacles of that 
mortality in the place where they seated, by many bones and skulls of the dead 
lying above ground; whereby it appeared that the living of them were not 
able to bury their dead. . . . . Thus God made way for his people, by remov- 
ing the heathen, and planting them in the land. 


II 


But, now, this, our United States, whose first precarious roots took 
hold in soil made roomy by fateful pestilence, reaches a sturdy age; 
when it reverses what had always been the natural march of events. To 
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create its own destiny it harnesses disease. The steps leading up to the 
building of the Panama Canal must ever mark a stage in human progress 
that divides and sets off the old from the new. There is no longer any 
inquiry of the oracles, any propitiatory sacrifices, any pioneering on an 
uncharted trail with trust in luck and circumstance. The hazards are 
definitely foreseen, and they are precisely met and avoided. For per- 
haps the first time in history a people proceeded with a national project, 
with its fate, as regards disease, predetermined by themselves and in 
their own hands. 

This must be the ideal of public-health endeavor. It is manifestly but 
a variant of Biggs’s famous saying, that it is within any community’s 
power to determine its own death-rate. It represents a concept that 
could hardly have been entertained before the present century; indeed, 
not so long ago it would have smacked of sacrilege in the opinion of per- 
haps most people. The idea itself is one of the outstanding contributions 
of our time to civilization; its realization, as at Panama, nothing short of 
a miracle. And a miracle, too, achieved in the only possible way,—as 
visioned almost three centuries ago by Spinoza,—by proceeding, not con- 
trary to the laws of nature, but in conformity with them; by working 
out, step by step, the natural history of each and every disease among 
the people, and then coming to grips with each at demonstrably accessible 
points. 

The more brilliant demonstrations of the control of disease among large 
aggregates of people have thus far been made among masses under the 
discipline of army organization, or something approaching the latter, as in 
the Isthmian Canal Zone. Under such favored control, methods may be 
effectively applied with comparative ease. But the difficulties and labor 
of such endeavor become stupendous whenever it is concerned with the 
general public; for the most part, no doubt, because the general public 
has lagged so far behind in information and sympathetic appreciation. 

All this is so well understood that we should only waste time in labor- 
ing the point. Nevertheless, one is tempted to remark that perhaps the 
inattentiveness of the public and the deficiencies of so called popular 
education are frequently overdrawn. ‘‘Give it time,’’ admonished Sir 
George Newman, addressing a meeting in celebration of twenty years of 
tuberculosis work in up-State New York last July, ‘Give it time as you 
must all consummate art,’’—thus quoting Ruskin. And this will be a 
just and all-sufficient answer to impatient pessimists. 

The control of disease among our troops in the Spanish-American War 
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may no doubt be regarded as reflecting quite accurately average pub- 
lic-health practice at the close of the last century; indeed, as has been 
intimated above, average military control is probably a bit ahead of aver- 
age civic control. The terrible record of that short war; the same old 
mowing down of our soldiers by the same old fevers and fluxes, that had 
thinned out armies from time immemorial, reached the proportions of a 
national scandal and disgrace. That was only a generation ago; and a 
repetition of those terrible three summer months of 1898 would be simply 
unthinkable to-day; yet they, asa matter of fact, merely repeated what 
every army in the field was, up to that time, supposed to go through. 
Contrast now the military medical record of 1917-198 (8), made under 
conditions infinitely more exacting; and there is no comparison: we are 
living in another age of public attitude toward health. This is now the 
new era, which we have characterized as that in which mankind fashions 
and moulds its own environment of disease; in which it has put behind 
forever the old despairing mere gestures of defense. Not perfectly; oh, 
no,—not by any means perfectly; for we are this early only seeing the 
first streaks of dawn. 

In those days of 1898, and for some time later, the environs of New 


York City, the outlying districts of the city itself, were sodden with ma- 
laria. In those days, too, the wards of the Baltimore hospitals would be 
given over to typhoid fever, as makeshift beds cluttered up the aisles, 
not in time of occasional epidemic, but every late summer and autumn. 
And in those days there was a disease that struck terror to the hearts of 
youth in a way that the youth of 1927 can hardly appreciate; and that 
disease was consumption. Yet all that was but thirty years ago. 


III 


“Give it time.” For the truth is that we have been living through a 
marvel. In these last thirty years the people of this country have trav- 
elled further toward a health-promoting environment than did ever 
any people for centuries before 1900. The changing face of tuberculosis 
alone is enough to support this assertion. 

For what has tuberculosis ever been, if not the mirror of a community’s 
mode of life and the milieu in which this life is passed?—of the dirt, dark- 
ness, deprivation and disease which pervade the average day of the aver- 
age man. And how does tuberculosis come to be rooted in all members 
of acommunity, if not through a contact that means complete comming]- 
ing of inhabitants throughout a tainted soil? And where, in our evolving 
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civilization, have the fertile soils and the lavish sowers come together, if 
not in our abounding cities? And where, then, should tuberculosis thrive, 
if not there? 

Tuberculosis has flourished there,—to an extent that has made it the 
archetype of urban maladies; particularly the archetype, too, because the 
reasons for its preéminence there seemed to be so well understood. No 
one has ever questioned that our cities are the great breeding-grounds of 
tuberculosis; the points of concentration, where disease, brought in, will 
multiply and expand; the foci, whence the propagated malady will radiate: 
throughout the land. 

So it has always been, and so we have taught concerning tuberculosis,— 
a price for our civilization, a penalty for our higher civilization, and, in 
the opinion of many, increasing with the development of our civilization. 
One might dream of a day, far in the future, of release from tuberculosis; 
but this day would come only when the disease had surrendered in its last 
stronghold,—the city. 

But now the marvel is that, if signs mean anything, those of the last 
few years are pointing out that our age-long urban susceptibility to tuber- 
culosis is changing,—changing perhaps so radically that the cities may 
come to be the great stations of dilution or purification of the flood of 
tuberculosis that long ago spread over all the country. 

Here, for instance, is New York City: old, coaeval with the birth of the 
colonies, evolving through all the broad economies that our nation has 
known, coming step by step to the most complete and characteristic 
urbanization that America can show, and yielding tuberculosis death- 
rates of 400 at a time when pioneers were moving down the Ohio and out 
across the Mississippi. True to form, it displays its urbanization in 1900 
with a tuberculosis mortality that is 39 per cent in excess of that for the 
United States (Registration Area). Then ten or fifteen years of almost 
stability in comparative rates; for in 1915 the city is still 34 per cent 
ahead of the nation. But from now on amazing accelerations of decline 
in mortality (tuberculosis) for the city; so that its excess in 1920 is 11 
and in 1925 only 7 per cent over that for the country. 

The trend is found to be similar when the tuberculosis mortality of the 
large cities of the nation is set against that of the country in general. 
Then an excess of 22 per cent for 50 cities of over 100,000 population in 
1910 falls to an excess of 8 per cent in 1920, while in 1926 the tuberculosis 
mortality for 82 cities of population greater than 100,000 is only 7 per 
cent greater than that for the country as a whole. 
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Dublin and Van Buren (9) are impressed by the same acceleration of 
urban decline of tuberculosis mortality. They point out how in 1910 
Massachusetts was the only one of the 20 Registration-Area States that 
returned a greater tuberculosis mortality for its rural districts than for 
its cities: in 1925 twelve of these 20 States did so. In general, too, the 
cities have had ‘‘very much larger” percentage declines than the rural 
districts in their tuberculosis death-rates, and only two States, ‘“‘Michi- 
gan and Vermont, have reported greater declines in the rural districts.”’ 

On the face of the records the shifting of urban and rural mortality from 
tuberculosis in New York State has been indeed amazing. For the five 
years, 1913-1917, the average death-rate (tuberculosis) for the country 
districts was 110.8, and for the cities, exclusive of New York City, 123.9, 
relations which we have always been accustomed to regard as “expected” 
or “normal.” But by 1917 the rural curve was beginning to exhibit an 
increasing tendency to approach and cross the urban curve. For three 
years, or until 1920, there took place repeated crossings and recrossings 
of the two curves. Then, with one transitory exception, these began to 
diverge permanently, and at a very slowly though continuously-increas- 
ing angle; until, in 1924, the urban death-rate, 77.4 in 1920, had fallen to 
57.4, while the rural death-rate, 92.8 in 1920, stood at 105.3, or 45 per 
cent greater than the urban rate. 

In contrasting relations for the years 1910 and 1925, Dublin and 
Van Buren state that Rhode Island alone, of all the original Registration- 
Area States, experienced an increase (22.6 per cent) of rural tuberculosis 
mortality, as this rate rose from 121.5 in 1910 to 149.0 in 1925. In rural 
New York the respective rates were 138.4 and 104.5, or for a decline of 24.5 
per cent for the sixteen-year period. However, if we compare 1920 with 
1925 it will be seen that between the two years the death-returns show an 
increase of 12.6 per cent for tuberculosis in the country districts. 

At their face value, therefore, vital statistics show enormous declines 
in tuberculosis mortality during the quarter-century for the United States, 
as a whole; and the general phenomenon indicated must be accepted as 
correct. Indeed, there are reasons, which limitations of time forbid dis- 
cussing here, to suggest that since 1900 our country has been blessed with 
a reduction of tuberculosis mortality that is actually a good deal greater 
than is to be gathered from the returned statistics (10). 

At their face value, also, the statistics disclose a fall in mortality for 
both city and country during the period under consideration, with the 
extremely important feature, as Dublin and Van Buren put it, of “per 
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cent declines in the cities . very much larger than in the rural 
districts.’ We have no information, direct or indirect, to warrant ques- 
tioning the substantial accuracy of this opinion; moreover, there are not 
a few outside signs that would tend to confirm it. 

But, at their face value, again, the records make out recent stationary 
or increasing tuberculosis mortality for rural regions; as, for instance, in 
New York State, as set forth above. Can this be true? 

We cannot accept it as a fact until the death certificates,—as at Albany, 
—shall have been worked over, and the decedents from tuberculosis for 
several years have been allocated according to their normal residences, 
and the circumstance then made apparent (11). There is always the 
chance that the number of deaths as occurring in rural districts is swollen 
by consumptives from the cities who resort to the country for treatment 
and who die there. If this factor has been entirely responsible for what 
seems to be mounting tuberculosis rates in rural New York, there must, 
for quite a few years, have been a rapidly increasing number of non- 
resident tuberculosis deaths taking place up-State. 

As far as the question has been gone into, this would not appear to 
have been the case. In 1922 Eichel corrected these up-State deaths for 
the six consecutive years 1916-1921, according to residence. It then 
appeared that during all this period the annual number of nonresident 
decedents from tuberculosis varied little. For instance, in 1916 it was 
629 out of a total of 6,178 reported; in 1918, 634 out of 6,141; and in 1921, 
525 out of 4,853. The all-important finding of Eichel’s inquiry was, as 
he then said, that ‘‘the general trend of the mortality was not affected.” 

However, an increase of rural mortality from tuberculosis, amounting to 
12.6 per cent in five years in this day and generation, violates our long- 
cherished convictions as to the demographical relations of tuberculosis 
to a degree that makes the occurrence seem impossible. One feels that 
the increase is too great to be real, and that nonresident decedents, or 
faulty certificating, or too low estimates of rural population somehow 
must account for not a little of the increase. 

Yet just because it is so great is again the main reason for one’s be- 
lieving that there must be some substance behind the appearance, for 
there has been nothing else going on within the last five or ten years to 
indicate that city consumptives are dying away from home to the extent 
necessary to send up the rural rates so suddenly and markedly. We must 
remember that, as everywhere else, tuberculosis mortality was declining 
in the country, also, from 1900 to 1910. If intrinsic conditions had not 
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altered in the country, its own tuberculosis death-rate should have con- 
tinued to fall, as has been the case in the cities, and the most, then, that we 
would expect from nonresident deaths would be perhaps a stationary rate 
for the rural districts. 

Therefore, lacking more precise information, we would for thepresent 
incline to the opinion that latterly, in rural regions of the United States 
that are more or less limited, the much discussed reduction of tuberculosis 
mortality has come to a standstill, perhaps temporarily, and that, here 
and there, the death-rates may even show increases again. This, in the 
circumstances, should not be given more weight than sheer opinion merits. 

But we do consider as indubitably proved that, in general, urban tu- 
berculosis mortality has diminished sharply, and is continuing to dimin- 
ish, and that nowhere in the United States has the reduction been more 
striking than in the most completely urbanized centres of population,— 
such, for instance, as New York and Chicago. And we also consider as 
proved amore rapid reduction of urban than rural mortality from tuber- 
culosis in the United States. 

In other words, the old breeder of tuberculosis—the city—is becoming 
the new cleanser from tuberculosis; and the old refuge from tuberculosis— 
the country—is being transformed into (at the least) the repository, and 
perhaps the fosterer, of tuberculosis. This inference embodies, no doubt, 
much more than the usual suppositiousness and exaggeration that hedge 
all generalizations; but we do believe that it “points up” movements and 
tendencies that are at work in some sections of the country, notably the 
old industrial divisions of the North Atlantic seaboard. 

The-crowds still go up from the country to the cities; indeed, never 
has the movement been of vaster proportions. But, it would appear as 
though no longer, as of old, do the teeming cities taint these crowds with 
tubercle bacilli and then break them down with the artificialities and more 
prolonged stresses of the city. It would appear, indeed, as though the 
crowds are coming to the cities, infected perhaps and, again, not infected, 
and that the cities are, as never before, holding already acquired infec- 
tion in check while at the same time they keep the uninfected free from in- 


fection. 


IV 


If tuberculosis is shifting indeed, if it is at last finding rocky ground in 
the modern city, if it can still maintain its hold, and even flourish, in the 
country, then something is going on that must be among the most signifi- 
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cant and profound features of the remarkable civilization in which we 
live; something, too, that must be new in the world. 

We are impressed at once by the fact that these urban declines of tu- 
berculosis have thus far been taking place at their best in just those pe- 
riods when urbanization of the country is becoming most pronounced. 
The decade of our history, which for the first time recorded us as a city 
people in largest part, happens to be those ten years in which the checks to 
tuberculosis first stand out as working to best effect in our cities. By all 
the rules of the game, as we have always known the game, the result should 
have been otherwise. With an unexampled movement of population 
from country to city, such as has signallized “our times,’’ there should 
have been more tuberculosis in both cities and nation. Greater con- 
densation of population should have combined with incomplete adapta- 
tion of new millions of countrymen transferred to urban speeding-up, to 
break down more people in cities with tuberculosis. Let everything else 
be as it used to be, when tuberculosis death-rates were 300 and more, 
then growth of cities of itself would have spelt increase of tuberculosis, 
and the recent unparalleled urbanization at the expense of the country 
unparalleled tuberculosis: there can be little question about that. 

For how, we have asked before, did tuberculosis come to be diffused 
throughout the lands of our civilization? and what part did the city play 
in that spread that, by the time we awoke, had reached ubiquity and 
universality? 

In the case of the United States, the process seems clear, as it can be 
followed step by step. ‘‘Phthisis,” said Benjamin Rush (12) in 1789, 
“is scarcely known by those citizens of the United States, who live in the 
first stage of civilized life and who have lately obtained the title of the 
first settlers. . . . . It is less common in country places than in cities 
and increases in both.”’ Hildreth (13) in 1830 follows it into the new 
West, set up there with the founding of the towns and the “refinement of 
modern fashions,” while in 1828 Callaghan (14), writing from Western 
Pennsylvania, notes how pulmonary disease “is increasing among the 
sedentary population of our towns with fearful strides.”’ Already in 
1857, Gibbons (15) calls attention to the mounting toll of consumption 

in California; and undoubtedly Davis (16) put the case straight in 1878, 
when he wrote, 


Close buildings and increased aggregation of population are increasing the 
prevalence of pulmonary tuberculosis in our country at an alarming rate... . 
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' In still earlier days, dating back to the early settlements of this country, New 
England and the N. E. States were as free from consumption as are now the 
much vaunted far-western States and Territories. It was immediately conse- 
quent upon the change from an agricultural to a manufacturing population 
that the rapid increase in the death-rate from consumption is apparent in these 
States. Fifteen or twenty years ago Indiana, Illinois and the Lake region were 
the favorite resorts for consumptive patients. . . . . Now we havea con- 
stantly increasing proportion of cases originating in this same region, not 
evidently from any change that has taken place in the climatic conditions, but, 
as before stated, from the change in the occupation and hygienic surroundings 
of the people. 


If we could have all the facts we would no doubt be able to unfold the 
most perfect exposition of the natural spread of phthisis in this country. 
Brought in by the early settlers, the disease was quite likely held almost 
under cover during the first short years of natural economy here and there, 
and for as long as a later sparse agricultural economy existed. Even in 
the developing villages and towns the disease was likely uncommon. 
The growing cities began to bring it into notice, but it was not until a 
manufacturing economy began to be established that it impressed the 
people as a menace. 

This puts us at the opening of the nineteenth century. The foci are 
numerous; the migrations from country to city are expanding the cities 
as never before, overcrowding them with hordes, who find themselves 
immured in dwellings and factories which undoubtedly furnish them 
much worse living conditions than they had been accustomed to; and 
the foci of disease enlarge, and ‘‘boil up”’ as never before, as meanwhile 
they discharge hundreds and thousands to the swelling bands of pioneers 
who are making their way westward. 

These were the times when pent-up denizens of prisons and the like 
were dying like flies from tuberculosis; when, between 1829 and 1845 there 
died from consumption in the penitentiary at Philadelphia 12.8 per cent, 
at Auburn 9.9 per cent and at Boston 10.8 per cent of all confined con- 
victs, and when at Baltimore 61 per cent of all inmates’ deaths were from 
phthisis (17),—eloquent evidence of the hygiene of the day, and, too, 
it would seem, compelling testimony that there is something like a phthisis 
set up by infection contracted in adult life. For in these days, also, the 
tuberculosis-mortality rates of the Eastern cities stood at 300 to 400. 

James Truslow Adams’s New England in the Republic (18), the closing 
volume of his fascinating trilogy, displays a setting that would seem 
ideally designed for the kindling of a conflagration of consumption. The 
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second war with England has just closed, and tremendous changes are 
astir in the commercial life of New England. With “the great bulk of 
the population . . . . still . . . . engaged in farming,” there now 
(1815-1825) begins a “veritable revolution in the domestic economy 
not only of families in the smaller manufacturing villages and towns but 
on the scattered farms as well,”’ as the cheap goods of the factories re- 
place those made “‘by the families at the fireside.” This is the time of 
beginning of that change in ‘‘the employment of considerable numbers 
of the population” that has characterized the industry of the United 
States to this day, that is, the drift to the factory. Samuel Slater intro- 
duces into Rhode Island “the English system of employing whole families, 
including the small children.”’ And now the mill villages spring up on 
every hand, and “‘only with the rise of the large mill-towns in the next 
two decades” (1820-1840) does the factory become ‘“‘a real problem in 
social life.” Immigration is “still but a trickling stream as compared 
with the great floods of the thirties and forties,” but the emigration west- 
ward is starting, to reach an extent later that made many fear the depopu- 
lation of New England. ‘Aside from the changes wrought by this whole- 
sale exodus, there were also changes in the distribution of population 
within the old state limits.” The “tendency toward an urban develop- 
ment was already noticeable . . . . In Connecticut, owing largely to 
manufacturing, people were leaving the country and moving into the 
larger centres such as Hartford, New Haven, New London, and Bridge- 
port, which were rapidly growing while the smaller towns were standing 
still or actually decreasing in population.”’ Boston, two hundred years 
old in 1820, had then a population of 43,298; this jumped to 93,383 by 
1840; and during the two decades throughout the country as a whole 
“the proportion of the total population living in cities of over 8,000 
people nearly doubled.’”’ However, the growth of New England between 
1790 and 1840 had been far below the “natural increase”’ of population. 
The enormous migratory movement westward had depleted the section to 
an extent that Adams writes, 


Had the population continued to grow at the normal rate of natural increase 
from 1790 to 1840, that of Massachusetts would have been 1,321,709 instead 
of the actual figure of only 729,031, and the whole of New England 3,515,074 
instead of 2,212,908. This difference—of 592,678 in the case of Massachu- 
setts and of 1,302,166 in that of New England—represents the loss by emigra- 
tion of New Englanders and their descendants, less what was made up by the 
immigration of foreigners. 
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Immigration did not get well under way until the eighteen-thirties, when 
it began to be recognized as a problem. Between 1830 and 1840 its 
figures quadrupled for the country as a whole; and now came the throngs 
of Irish, sent America-ward by the famine,—750,000 of them in the 
decade, 1840-1850, as compared with only 50,000 in the eighteen- 
twenties. 

In broad outline the foregoing description will do for the Middle States 
as well; and thus, undoubtedly, was the soil prepared for the thorough 
diffusion of tuberculosis in the New World. Superior stock, that of the 
pioneers, was moving West, and to the thinned-out remnant at home was 
added the floods of the wretched and destitute of Europe. Meanwhile, 
too, the rustics went up in troops to the mill-towns; “‘rosy-cheeked girls.” 

“mainly from the best farming homes in New England” made up 
inns of the mill-workers, and the sturdiest youth of the land the me- 
chanics and artisans of the towns and cities. And, we may be sure, mst 
of them entered, free from the taint of tuberculosis, their new and untried 
world of hazards. 

The nourishing elements of phthisis were at hand or were straightway 
created. We follow Adams again: The competition of the ever-increas- 
ing immigrants lowered all standards of living. Wages, especially after 
the panic of 1837, were reduced, and again reduced; or, if they had 
remained stationary, work had been speeded up enormously. ‘In the 
1830’s the girl operatives in the cotton mills had tended two looms mak- 
ing from 216 to 324 picks per minute. By 1849 they were obliged to tend 
four looms making 480 picks a minute.”” The hours of labor were atro- 
ciously long at this speeded-up work; as, meanwhile, the owners set at 
naught all legal enactments aiming to better conditions, by combining, 
and blacklisting all operatives who would not sign contracts binding 
“themselves to work as many hours as the employers should think 
proper.” Conditions in the mills became worse as their prosperity in- 
creased. More crowded with workers, the air in the working-rooms of 
the girl operatives, reported Dr. Josiah Curtis, 


remains day after day, and even month after month, with only the precarious 
change which open doors occasionally give! There being no ventilation at 
night, the imprisoned condition of many of the rooms in the morning is 
stifling and almost intolerable to unaccustomed lungs. After the day’s work 
is ended . . . . they retire to dormitories scarcely better ventilated than 
the mills. From four to six and sometimes eight are confined during the 
night in a single room of moderate dimensions. 
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According to Curtis, the ordinary mill-room in the best factory in New 
England (the Lowell mills) had hardly more than one-eighth the neces- 
sary air-space. One ingenious manager, attributing the morning 
“Janguor”’ of the operatives to a full stomach after breakfast, solved the 
problem by forbidding breakfast, and “‘succeeded in getting three thou- 
sand yards more of cloth a week for the same wage-bill.”’ 

Between 1840 and 1850 “the position of the native American worker 
became steadily worse . . . . The workers who had gone into the 
mills at the beginning, particularly at Lowell, had been splendid material.” 
But by 1850 this class, among whom “factory work had seemed to open 
a new career for the ambitious and self-respecting daughters of farming 
folk,”’ and who had “‘trooped into the mills in much the same spirit that 
the same type of girl now goes to college . . . . had been driven out in 
the hopeless struggle.” 

As for housing conditions these were probably worse than ever before. 
Various reports by physicians make them out as terrible for the poor. 
Sanitation had made no essential progress in centuries; the crowding of 
the cities overtaxed facilities, or was met by the construction of the cheap- 
est and quite insufficient abodes. 

Satisfying records of phthisis in the United States are lacking for 
this period, as they are for the century preceding and the fifty years after- 
ward. Nevertheless, Hoffman’s well-known composite chart of the 
death-rates of pulmonary tuberculosis in New York, Philadelphia and 
Boston quite likely displays, in broad outline, approximately true levels 
and trends from 1812 on. It begins with the frightful rate of between 
400 and 500 that is irregularly maintained until about 1835; then the 
rate drops abruptly, to reach almost 300 from about 1845 to 1850, after 
which it again climbs to a second high level of 350 or above, where it 
stays for thirty years, or until between 1880 and 1885. 

We may regard Hoffman’s chart as opening at a time when the three 
great colonial cities were making ready to burst the bonds of an old and 
long-established relative stability and homogeneity. (This general 
statement is less true of New York than of the other two cities.) A 
high tuberculosis rate had no doubt existed since at least 1790, and at 
this time the disease, as early writers agreed, was eminently an urban 
malady. In the eighteen-twenties there becomes manifest the dilu- 
tion of tuberculosis brought about by the in-swarming of vigorous rural 
stock. The factory system is in evolution, and its worst evils are to come, 
as are also those of totally inadequate living accomodations. Phthisis 
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rates fall sharply and markedly. But with the turn of 1840 comes the 
dawn of retribution. Teeming cities can no longer absorb the pressing 
throngs of newcomers, domestic and foreign, without increasing hazards 
to their health. The new economy, the factory system, after riding on the 
tide of the thirties, meets competition by exploiting the workers more and 
more, and is able to do this with the more necessitous yet more easily 
satisfied foreigner now available. Down go wages and down go the liv- 
ing conditions of the masses: up goes tuberculosis; and tuberculosis stays 
up,—for a whole generation,—until something new comes’into the world; 
and there is no reason to believe that it would not have remained up if 
something new had not come into human life. This was not the dis- 
covery of the tubercle bacillus, although that really startled a world that 
was hardly aware that something really epochal and all-beneficent was 
taking form. It was modern sanitation and modern hygiene (using the 
terms in their broadest sense), based on their first instruments, the so 
called modern conveniences of the home, the central heating of home and 
office and factory, the application of electricity to daily life, all being made 
practical, and these combined with a new science, born coincidently,— 
with bacteriology,—to create a modern public health. 

In thinking of progress in terms of health we must remember that, in 
respect to what we of to-day consider the primal necessities of domestic 
environment, the mass of the people of 1876 had made no essential ad- 
vance over those of the renaissance or even the mediaeval cities: indeed, 
class for class, they were probably in worse case, in that they had far 
more outgrown what domestic arrangements were available. We must 
remember that by 1890 the prospect had been revolutionized, and that 
now the revolution has been achieved. We must not forget that this new 
hygiene was born out of urban needs; that, indeed, the modern city has 
been as surely created by modern hygiene as by steel construction and the 


modern elevator. 


V 


We have been at perhaps painful length to picture, in broad strokes, 
significant features (for our purpose) of a time of industrial development 
in the United States, in order that we may contrast the period with the 
one through which we have been living. Roughly the second quarter- 
century of the eighteen-hundreds and the first of the nineteen-hundreds 
were alike in their main socio-economic trends. Both were characterized 
by enormous industrial expansion and an accelerated impulse toward 
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urbanization. Both experienced previously unexampled increases of h 
capital. Both gave rise to conditions that brought together and con- a 
centrated, as never before, the masses at home and at work. 

But how different were the effects on the well-being of the masses, es- 
pecially in subjecting them to the hazards of tuberculosis. The industrial 
revolution of the nineteenth century led up to an increase and a greater i 
diffusion of tuberculosis. That of our time is surely smothering it out. fb 
In 1850 it was plain that mid-century Industry was the handmaid of 
tuberculosis; by 1925 it had become certain that modern Industry was 
checking it. i 

By 1850 Industry had become a sorry servant for the masses whose ‘3 
backs were bending under it. Crowding was giving way to overcrowding, u 
and, at best, civic, workaday and domestic environment was static. In 5 
1925 a new political economy was blazoning a prosperity that was to be a 
created through the “buying powers’ of the masses. The old shibboleth, 
a “subsistence wage,” in 1850 came perilously near to meaning that a 
needed for ‘‘bare existence;”’ in our day the dispute turns on whether it 
should account for such necessities as motor cars and the higher educa- ‘| 
tion of dependents. i 

In other words, the Industrial Revolution meant to the everyday man k 
of 1859 that he was on the way to creating a Frankenstein; but to him of 
1925 that he was being ministered to by a beneficent servant. The In- 4 
dustry of mid-nineteenth century was fashioning mighty problems of 
disease for man; the man of the twentieth century is solving these same 
problems through Industry. We have reached and passed the turning 
of the road, where always hitherto disease has guided our destiny; this we 
may now direct through controlling disease. 


VI 


We might go on, and set down list after list of concrete essentials that, a 
coming into our lives in the last forty years, have made for health,— + | 
for better health; but, organizing all these boons and making them effec- 
tive, frequently too originating them, demanding them, and inventing 
them, there has stood the public-health movement. Hardly of formal 
character before 1876, it has since taken to itself all elements of civic and " 
social contact that may conceivably affect individual well-being; and its ‘a 
development and progress, theoretically almost limitless, are conditioned 
only by popular acquiescence or contravention. We might admit that 
purely selfish ambition has been at the root of all inventions that have 
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contributed to cleanliness, comfort and livableness,—in other words to 
better health. - But it has been public health, devising and insisting on 
codes and regulations governing water and food supplies, sanitation and 
sewerage, home, office and shop construction, quarantine and disinfec- 
tion, that has applied the inventions and products of modern industry to 
the bodily improvement of mankind. To admit that steam impels the 
locomotive is far from allowing one to deny that the latter’s complicated 
machinery operates it. Similarly, to grant that modern factory con- 
struction has improved the health of the workers can be no disclaimer 
of the fact that public health surrounded the workers with this benefi- 
cient product of many inventions. 

Since mediaeval times our civilization has witnessed the retreat or 
virtual abolition of nearly all of its most mortal infectious scourges, but 
until the twentieth century these individual conquests were achieved in 
what we may call an accidental manner, that is, not by virtue of human 
design and planning but because of some relatively universal changes of 
what Sumner used to call the mores of mankind. There was only one 
exception to this circumstance and that was in the case of smallpox. Be- 
fore 1900 the two most devastating pestilences of former centuries, bu- 
bonic plague and typhus fever, had released their hold. Just what had 
been the precise conditions that stopped the periodic visitations of the 
plague in Western Europe has never been made clear. ‘The great epi- 
demic at Marseilles in the seventeen-twenties suggests that it can hardly 
have been an altered domestic environment since the last previous explo- 
sion in London in the seventeenth century. In the case of typhus fever 
it may be supposed that the trick was turned by as simple a factor as 
the introduction of cotton clothing among the masses, and its almost 
universal substitution for wool,—an event that must have marked one 
of the greatest hygienic advances in historic times. 

But the present century differs from the past in that intentional and 
planned endeavor has been the chief instrument in controlling disease 
after disease, and usually this has been under organized or official aus- 
pices. No informed person denies that the vastly improved living of the 
period has played its part; but again no person can point to a single com- 
munity that has solved its problems of typhoid fever or yellow fever or 
diphtheria or malaria or infantile diarrhoea without the intervention of 
some provision of the modern public-health movement. 
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VII (19) 


Let us indulge in retrospect once more,—if only in an effort to under- 
stand how to use intelligence and reason in our design to keep tuberculo- 
sis in leash. Set in a new land, we are none the less the heirs, the tem- 
pered amalgam, of that civilization of the Mediterranean through which 
filtered for centuries all useful endeavor that the world contained,—from 
the Chersonese and Ctesiphon to the Pillars of Hercules, from Thebes and 
Berenice to the North Sea and the Frith of Forth. Our own consump- 
tives are at grips with tubercle bacilli descended from those that plagued 
the patients of Celsus and of Galen. Like its favorite arena, the mortal 
shell of man, this tuberculosis, which we moderns match our wits 
against, has also had, perhaps, its struggle for survival down the 
centuries. 

It is an ancient malady, we know. It was rife when the Asclepiads 
of Cos wrote down its more grisly features in our first medical classics. 
We know too that it rode into our own era at the head of the hosts of death. 
Nevertheless, until the time of our pathfinders of the newer medicine the 
story of the effects of phthisis is almost a blank page. 

From much that is said and written we get the idea that, ever since 
its first diffusion throughout the civilizations of old, tuberculosis, until 
yesterday, reigned chief among mortal diseases, settled as a pall over all 
human effort that aspired to the higher reaches of community existence; 
that never, since the zenith of Assyria and Egypt, when populations began 
to teem and well over, has its sweep been stayed until lately; that this 
retreat of tuberculosis from first place, amazing event of our day, is a new 
thing in the annals of man. But is this doctrine of the uninterrupted 
hegemony of tuberculosis correct? 

We are inclined to doubt it because it will not fit in with the facts of 
the social historyof Europe. The more fully these are coming to light the 
more there is emerging the likelihood that, after the wreck of the Roman 
Empire, there must have been long periods when tuberculosis was in 
relative abeyance, if indeed it did not entirely disappear, in regions where 
it had once been prevalent. 

It is a remarkable (though perhaps a natural and instructive) fact 
that the Roman world was at the height of its prosperity, material and 
cultural, at the time when it was rushing to political decay. Whether in 
Asia Minor, Egypt, or Gaul, cities were most numerous and richest, and 
citizens most comfortable and happiest during the two centuries, the third 
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and fourth A.D., that succeeded the reign of Marcus Aurelius (20). 
Citizenship was now the attainment of all provincials in an Empire that 
had reached its greatest extent, and the genius of the most practical of 
governments outdid itself in ministering to the creature comforts of its 
masses. For thousands of miles, throughout the state and out into its 
remotest corners, were built those roads that until the nineteenth century 
provided the most perfect means of communication devised by man. 
Travel, intercourse, and transportation proceeded on a scale that the 
world was not to know again for a millennium and a half. Luxurious 
villas were common as far as the furthest frontiers. Centuries of plun- 
dered wealth, provincial tribute, had brought the Roman world to an 
amazing material development, characterized, as usual, by tremendous 
urban growth. The industry of the workshop now outstripped domestic 
economy, and the new industry of capital was emerging. 

There is every reason to believe that phthisis was a common disease 
throughout the Roman world at this time. The physicians of the period 
give it prominence. The great urbanization and ease of communication, 
with its multiplication of human contacts, movements that had progressed 
for centuries, could have done nothing else than bring tuberculosis to a 
very high incidence. Especially, too, would this be favored by the in- 
ability of physicians to recognize phthisis until the appearance of its 
later stages. And, by the time of which we write, it must have been 
spread to barbarian frontiers, both north and south, through the es- 
tablishment of permanent military posts, the sites often where later be- 
came established prominent cities of the present time; and where too 

‘soldiers, through the service of a lifetime, would live in concubinage or 
unsanctioned marriage with native women and raise their families. What 
is always important to remember is that, by the time of the third and 
fourth centuries, the whole civilized world was Roman and that wherever 
there were Romans there was an advanced civilization of the “luxury” 
(and accordingly decadent) type. Gaul, Burgundy, Suebia, Helvetia, 
Belgium were no longer the social entities of Caesar’s Commentaries. 
With due regard to relative differences, one might not incorrectly compare 
their advance with that of modern Massachusetts and New York over the 
colonies of John Winthrop and Peter Stuyvesant. Spain had already 
a long-established tradition of culture. Even Britain, at the end of the 
world and a newcomer to the Empire, had oases, London, Silchester, 
Lincoln, Bath, where life went on as in Italy, and several trunk highways 
were spreading this life the length and breadth of England. 


TUBERCULOSIS AND PUBLIC HEALTH 289 


In the fifth and sixth centuries all this went down to destruction,—to 
ruin so complete, indeed, as to spell an oblivion that is only now begin- 
ning to lift. Again and again swept through the devastating waves of 
Teutons, Slavs and Huns. Gaul went under early. St. Jerome (340- 
420 A.D.), who labored in the East, related how from 406 to 416 every 
vestige of civilization disappeared between the Alps and the Pyrenees and 
from the Rhine to the ocean. Constantinople went on to its thousand 
years of growth and decay, but as for the rest of European civilization 
the only characterization to use is obliteration. 

Even with the experience of ten years ago before us it is difficult for 
us to realize what happened then. Compared to the destruction wrought 
by the barbarian irruptions of 400 to 600, that of the World War was but 
a scratch on the surface,—hardly a dent. The lands of the fairest and 
most productive civilization the world had yet seen now lay waste, East 
and West, uncultivated because no longer populated. Gaul, the Rhine- 
land, Italy, Britain, the Danube region, and Spain relapsed to forest and 
marsh land. The roads and bridges decayed and disappeared, and rapid 
movement became impossible, as too trade and intercourse came to a 
standstill. Industrial economy was completely wiped out, and with it 
went the towns, which “the barbarians showed a peculiar savagery in 
destroying.” By the year 600 Gregory the Great could lament over a 
Rome of only a paltry 50,000 inhabitants. Indeed, at this blackest of 
times, except in the Italian peninsula and Southern France, there were 
no more cities or towns. 

The waves of invaders had massacred and enslaved, as they burnt 
and pillaged, but now came the inevitable droughts, famines and epi- 
demics. Plague in the fifth, and again in the sixth and seventh centuries, 
with dysentery and typhus, finished the decimation of the people. By 
700 the population of western Europe had fallen to perhaps its lowest 
level of the whole Christian era, as the Continent had lost from one-half 
to two-thirds of its inhabitants. 

The fact is that during the century leading up to Charlemagne the 
scattered, thinned out, isolated communities of Europe were back to the 
natural economy of primitive peoples. There had now been two to 
three hundred years of calamitous descent, during which a verdant and 
untended Nature had recovered most of the soil once given over to the 
artifices of man. Benignantly it carpeted the far-flung savage wounds 
with forest, fen and drifting sand; yet, in so doing, it pushed humanity 
further back toward barbarism, as it kept encroaching upon the discour- 
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aged efforts of the survivors, ever raising barriers between them, and mak- 
ing intercourse difficult. By the eighth century government had largely 
ceased except that of lordship by the local strong man; but now there are 
signs of breathing spells of increasing length, and in the more forward 
parts of the old Empire,—in Gaul and in Italy,—villages and hamlets 
begin to rise. 

The Church had weathered the storm, and with the first lull it sent out 
its emissaries, to colonize and to win back the land by cultivation. “‘Agri- 
cultural colonization was the great concern of those centuries which fol- 
lowed the invasions and settlement of the barbarians.” This movement 
is characterized by Boissonade “as one of the capital facts in the history 
of the last four centuries of the Dark Ages.”” Here and there arose leaders, 
Theodoric the Great, Charlemagne, and Alfred the Great, who realized 
the necessity of regenerating the old civilization. As part of the effort 
“to turn the barbarians to the ploughshare” and thus to reclaim the empty 
country, they transported whole populations to devastated regions as 
coloni, and ‘‘tried to fix the people to the soil.” 

Now this earlier colonization and repopulation extended through two 
or three centuries, until well along in the tenth century, and with it 
occurred the first emergence of the villages and hamlets mentioned 
above. By the tenth century populations were again increasing. Natu- 
rally favored regions, such as the territory between the Rhine and the 
Meuse, are said to have trebled in the tenth century. The Gaul of 
Charlemagne’s time had an estimated population of eight to nine mil- 
lions, but as late as the eleventh century the people of England were only 
a million and a half. 

It is impossible to imagine how tuberculosis could have survived as 
a prevalent disease in Western Europe throughout the centuries of violence, 
deprivation, epidemics, and extraordinary mortality mentioned above. 
We have just seen, in the World War, how radical disturbance of a coun- 
try’s socioeconomic structure will immediately affect the phthisis rate, 
sending the latter to double and treble the old figures (as in Germany), 
within two or three years. The lives of the patients in being when the 
blow falls are shortened: these succumb, first victims to swell the ‘‘nor- 
mal” annual mortality. But, in addition, a new crop of patients comes 
into existence, made up of thousands whose infection, competently re- 
sisting the demands of ordinary life, can no longer remain concealed and 
inactive under the continued environment of increasing stress and ce- 
privation. The chances of their survival and the length of their illness 
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will depend upon the relative ease or rigor of living in general: as the 
struggle becomes harder, down they go and at accelerating speed. Now 
too, as the pressure continues, enters the increasing probability that 
personal and public hygiene will be relaxed, and all the more as depri- 
vation affects shelter and clothing, and renders unattainable whatever is 
necessary to cleanliness. All this, with insufficiency of feeding and its 
sequential train of intercurrent disease, makes for enormous increases of 
new infections and disease, especially too since the active cases have 
multiplied. 

But a rising tide of tuberculosis cannot continue to rise indefinitely. 
As with every other infectious disease, there will be a limit somewhere, 
and this limit will be set by environmental conditions. In general, we 
would predict that the more intense the stresses of living the shorter will 
be the time required for phthisis to ‘“‘sweep”’ a population and then sub- 
side: for the lives of its victims will be increasingly shortened and their 
opportunities for transmitting infection correspondingly lessened. It 
is difficult to think of a community or civilization, reduced to conditions 
that tax the energies of the strongest to survive, tolerating members with 
active phthisis. When things have reached a state of every man for him- 
self, or not unlike that of a pack of wolves snarling over a bone, the con- 
sumptives of a society must go to the wall, and that promptly. 

After the break-up of the Empire it was not a matter of years, or a 
decade or two, of a world out of joint. It was centuries, two or three 
hundred years, of war and destitution, of calamity heaped on calamity, 
of now acute now gradual descent to ever lower and sterner levels of exist- 
ence, of successive readaptations to harsher circumstances. Other civi- 
lizations, for the most part Asiatic, have suffered conquest, but almost 
inevitably to disappear. The Jews lost their national identity, but pre- 
served their race and religion only through an adaptation and a bending 
to circumstances that have been one of the marvels of history. In the 
process, too, there has been a rigid selection (call it “‘natural’’ selection, 
if you wish) that is to-day reflected in their undoubtedly high resistance 
to infection, though the ways and habits born of adaptation must count 
here too. Similar adaptation and selection must have gone on in Europe 
throughout the first half (and later) of the Dark Ages. After centuries 
of unrelenting buffeting and stress, amid a world reduced to battling 
for merely the elemental necessities of life, it must have been a populace 
of remarkable physical vigor and resistant tissue that survived, to face 
the labor of upbuilding Europe. By the time of the eighth century we 
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are unable to imagine many consumptives, incapable of taking part in 
the work at hand, dragging and coughing out their months and years in 
a search for warmth and sun in the hovels that were then the common 
abode of man. If and when phthisis did come it must have quickly 
removed the sufferer from the scene, or handed him over to one or the 
_ other of the common plagues of the time for execution. 

Therefore, until the fact is proved otherwise, we may suppose that, 
all in all, phthisis, if not a rare disease, was at any rate not a very common 
one in Europe (excluding the Byzantine empire) at that period, the ninth 
century, when we enter the dawn that was to filter through the later Dark 
Ages. Universally the economy was agrarian, built upon the back of the 
peasant of varying degrees of bondage or freedom. Coined money had 
hardly begun to circulate. Of cities, with some exceptions, there were 
none. The roads were gone, and communication on land was by local 
paths cut and worn through obstructions of every kind. The bulk of the 
people, four-fifths and more, were attached to the land, which meant that 
the ordinary man and woman lived a lonely and isolated existence, 
devoted to an endless and difficult round of securing the simplest elements 
required to hold an easily satisfied body and soul together. 

This isolation, while Europe was slowly upbuilding, was to be the lot 
of the common man for the next four or five hundred years. Coulton 
(21) believes that Tawney exaggerates somewhat the narrow outlook 
when he writes ‘‘an age . . . . where most men have never seen more 
than a hundred individuals in the course of their whole lives;’’ yet, as 
Coulton himself puts it, ““The people are few, . . . . the average peas- 
ant has probably never known by sight more than two or three hundred 
men in his whole life.’”’ It is inconceivable that phthisis could have 
“raged” under such conditions, and hardly likely that it was the major 
disease that we have been long familiar with. In the first place, oppor- 
tunities for contact with infection must have been at a lower level than 
ever before or since in civilized times. Again, given a moderate or 
small number of active cases developing endemically at a place, their 
chances for mischief would have been much curtailed by their short 
term of illness before death. We may repeat that, in the spread of tu- 
berculosis, if popular hygiene is bad or below a certain standard of pro- 
phylaxis, the average period of illness must play a very important part; 
and we believe too that it cannot be doubted that environmental, 
especially social, conditions and ideals must attain a certain mitigation 
before they can be favorable to the necessities of the consumptive and the 
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prolongation of his life. There is no evidence, there are no indications, 
that in the time of which we write either practices or ideals were of this 
life-cherishing nature,—not even in the monasteries, where, for a long 
time living was rude and harsh,—all the early orders imposed rules of 
hard labor and asceticism upon their members. 

As pertinent here, it may or may not be significant that we read of 
practically no European pandemics occurring between the time of Justin- 
ian (sixth century) and the fourteenth century. But, in the absence of ; 
other evidence, we are inclined to suppose that the social breaking up of : 
Europe into innumerable secluded and self-contained groups (for in- q 
stance, manorial), and an almost total absence of large communities, offers 
an explanation. Until the Crusades (twelfth and thirteenth centuries) 
set the whole world seething, and reéstablished an intercourse that had 
been forgotten for more than five hundred years, the conditions of con- 
tact that would permit the general dissemination of an infection were 
nonexistent. This point may become the more significant when we 
remember that after the Black Death had once swept clean the Conti- 
nent (and Britain) in the fourteenth century, it returned to do the same 
thing, in varying degree, again and again during the next three hundred 
years. In other words, when intercourse became favorable pandemic 
plague appeared, and, now that all links in the chain of contact and 
communication had been filled in, it recurred and again recurred (22). 

No doubt, all limited social groups, smaller and larger, and living under 
abominable conditions of hygiene, had their periodical “epidemics” of 
smallpox, and diphtheria, and enteric infections, and typhus, which al- 
ways remained endemic within the group. No doubt, too, on occasion, 
especially after general religious gatherings, an infectious disease was 
distributed to a number of foci, and then raged epidemically over larger 
territories. ‘Tuberculosis could hardly have been affected materially in 
either case, except as a developing sequel of another epidemic infection. 

But it might conceivably have undergone fluctuations (increases) of in- ' 
cidence as a result of the periods of stress and deprivation,—warfare and 
famine and the like,—to which the feudal Middle Ages was so subject. 
Irregularly periodic famine was the common lot through all the centuries. 
Warfare did not become the plague of the people until a little later than a 
the time immediately under review. q 
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The year 1000 passed without the confidently and prayerfully ex- 
pected end of the world. After it a new spirit gradually diffused through- 
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out the masses. They saw the world go on precisely as it did before the 
arrival of that awful date. Little by little, no doubt, they settled down to 
the conviction that, though the tomb might remain the only pathway to 
eternal salvation, there were also terrestrial rewards to be gained by the 


display of talents on this earth. 
Industry now began to revive and set the stage for the resurrection of 


town life, a movement that 


from the middle of the tenth to the fourteenth century . . . . became 
extraordinarily widespread, and it was then that almost all the towns of 
Christian Europe were created or reborn. . . . . The old Roman cities, 
usually situated upon the great trade routes, rose in numbers from their ruins. 
In the shelter of monasteries and strong castles, burgs grew up almost daily; 
and about 420 towns out of 500 French towns originated inthisway. .... 
Such was the intensity of this renaissance that . . . . almost the whole of 
the West became covered with cities. Germany possessed as many as 3,000 
. . England possessed 275. 


These cities were for the most part small; in feudal times often less than a 
thousand souls. 


Meanwhile, agrarian development, based upon the colonization and 
reclamation of the waste-land, which we have mentioned as a prime policy 
of the Church and of Charlemagne, took on renewed vigor. As a result, 


between the eleventh and the middle of the fourteenth century . . . . produc- 
tion developed enormously, and the West was repopulated. At no other period 
of history has so great an enterprise been conceived and brought to so full and 
successful a realization, save, perhaps, in our own day, in which the conquest of 
new worlds by European civilization has been begun. It was one of the capital 
events of history, although historians have commonly passed it by in silence. 


It is not hard to imagine how this great movement, extending through 
two or three centuries, created conditions favorable for a new diffusion 
of phthisis. The same features are here as in the extension of American 
civilization westward, as trade and industry stimulated agrarian produc- 
tion, and the land was filled and tilled to meet the demands of the grow- 
ing towns; as, too, wealth increased by leaps and bounds, and living be- 
came easier; as, too, our own early writers noted the early appearance of 
phthisis and its increase particularly in the cities. 

We may suppose, therefore, that the later Middle Ages saw a mounting 
incidence of phthisis in Europe, if indeed the disease did not then experi- 
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ence almost a recrudescence. In Italy and the south of France, city life 
had never completely disappeared; a fair number of towns had stood, 
with reduced populations it is true, through all the invasions and periods 
of disorder in the Dark Ages. It is accordingly in the cities of Italy that 
we find civilization brought to its highest point at the end of the Middle 
Ages, and here too where the Renaissance had its birth, and from whence 
its influence spread throughout Europe, reaching England latest. One 
of the chief effects of this influence was the introduction of new standards 
of comfort and even luxury into ordinary life. While these entered into 
the castle and the manor, they found by far their greatest field in the 
towns, where wealth became concentrated after a money economy was 
introduced. By the fifteenth century it was the burgomaster, not the 
nobleman, who held the pursestrings, a circumstance that was soon to 
develop into another capital fact of history. Broadly speaking, society 
was now taking on the organization and developing economic ideals that 
have persisted to our own day. 


We have tried to develop a thesis which would assume a very great 
decline of phthisis following the barbarian invasions of Europe, and a 
return to its old position as a major disease with the repopulation and 
socioeconomic regeneration of Christendom. For the reasons given, it 
is further suggested that, during several centuries of greatest stress and 
scarcity of population, there may have been whole regions entirely free 
from tuberculosis. As to how long it may have taken to bring the civi- 
lized world to that state of universal tuberculization, which was a social 
fact of first magnitude at the opening of the twentieth century and which 
we presume to have existed at least two or three hundred years ago, we 
cannot have the slightest idea. There can be no doubt, however, that the 
term required varied with the character of individual regions, with their 
physical, social and economic peculiarities, with their accessibility to trade 
routes, and especially with their internal condition when postinvasion rec- 
lamation began. For most of Europe the climb back to civilization and 
settled prosperity was much slower than the descent to the lowest depths, 
and there is a stretch of almost five hundred years between the resurrec- 
tion of the cities and the great all-round stirring of the Renaissance. 

The difficulties of communication and the extremely limited travel 
of the times would arouse the presumption that tuberculosis could have 
spread but slowly. Perhaps this was true of transmission from place to 
place. But the necessities of adequate, yet economical, defense put upon 
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even the small mediaeval towns an obligation of compactness and 
crowded populace that would be amazing even to our eyes accustomed to 
the sheltering of thousands upon a city block. Besides, the multistoried, 
peaked, overhanging rows of the mediaeval streets were erected under 
sanitary codes that would appal us. If facts such as these stood alone, 
we might well suppose that, once introduced within a city’s walls, tuber- 
cle bacilli soon made their way into the bodies of the citizens in general. 
This accomplished, a city’s tuberculosis would without great delay strike 
a balance with local environment, and, with stability the keynote of life 
of the later Middle Ages, jog along with but slight fluctuation through the 
years. 

Yet into the later Middle Ages there swept several great waves of pan- 
demic plague that stand among the great changing forces of history. 
This is particularly true of the visitation of the fourteenth century. 
Then, within single years, whole nations lost one-third and cities two- 
third of their people. Hecker, perhaps our best authority, puts the toll 
of plague during the fourteenth century at one-fourth of the total popu- 
lation of Europe, while individual cities are said to have lost, at times, 
three-fourths of their inhabitants (23). 

We have lately been through a phenomenon that has no parallel in 
the recorded past. This involved the greatest known reduction of 
tuberculosis mortality within the three years that followed the most de- 
vastating pandemic in our annals. The first recent great wave of influ- 
enza swept the United States in the autumn and early winter of 1918. 
Between 1918 and 1921 inclusive the tuberculosis death-rate, at a compara- 
tively high level in 1918 and fairly steady for a decade before this, de- 
clined by one-third (from 150 to 99). Naturally, so impressive a coin- 
cidence did not fail to interest many observers, who were inclined to 
detect a correlation between the two events and attribute the remarkable 
fall of tuberculosis mortality to a precocious removal of an excess of con- 
sumptives who died victims of influenza. 

That influenza might have had some effect on tuberculosis death-rates 
after 1918 is probably true, but the influence must have been relatively 
a minor one (24). Nevertheless, it appears that in the 1918 pandemic 
influenza had a higher death-rate among consumptives in being than 
among the general population. 

If we can have any reason to believe that tuberculosis mortality was 
influenced in a teeming population by an intercurrent infection that 
killed 0.5 per cent of the people at the most, what must we think of the 
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response of tuberculosis in sparsely settled territories to a disease that 
carried off from one-quarter to three-quarters of the people? And, too, 
it should be remembered that the worst pandemic of all, the Black Death 
of 1346-1349, was so prominent in pulmonary features that many authors 
long doubted whether it was bubonic plague. 

The tuberculosis of the time, whatever its incidence and whatever its 
differences in various regions, must have been profoundly affected. It 
could not have been otherwise. We are obliged to think in terms of 
material, and perhaps great, declines in its death-rates at this time. We 
would go further, and suppose that, for a century or two after about 1350, 
the repetition of many general epidemics must have operated toward 
holding down tuberculosis, and perhaps decreasing it. A long period of 
about 250 years preceding the great plague of the thirteen-forties has 
been called the “golden age of the Middle Ages;” for from the twelfth 
to fourteenth centuries the strides made by industry and commerce had 
been a boon to the man of both country and town, although naturally 
the townsman was benefited most. But from now on, and throughout 
the last hundred years of the Middle Ages, history records more and more 
wars between nations and classes, relapses into anarchy, and generally 
chaotic conditions, all a part of the struggle for more definite nationality 
and a more potent central authority. These won out as feudalism went 
down, and the fifteenth century gave promise of a stability such as Europe 
had not known since the days of the old Empire. 

The effects upon society, upon the common man, were very mixed. 
For a while at least the scarcity of labor created by the plague, especially 
that of the thirteen-forties, contributed to his political improvement: 
for the first time he was in a position to drive a bargain for his toil. And 
though industry and commerce kept developing, and achievement 
flourished, and the Renaissance was a-glimmer, and perhaps human as- 
piration soared higher than ever, warfare, class-struggle and pestilence 
must have fallen heavily on the people. Quite likely there never has 
been a similar period, when all that was basest and all that was noblest 
had freer play in human affairs at the same time. In the circumstances, 
and in view of the complete absence of pertinent data, it is almost im- 
possible to speculate or imagine what might have been the net effect on 
an entrenched major disease such as tuberculosis. 

But, as we approach modern times, we do begin to have infomation 
that tuberculosis is a major disease, perhaps the chief one, of the cities 
(25). ‘Consumption’ in London yielded rates of from 1000 to 1250 per 
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100,000 throughout most of the seventeenth century. It now accounted 
for one-fifth and more of all the deaths; and continued at better than 
1000 per 100,000 until the nineteenth century. Even during the first 
decade of the eighteen-hundreds, when the rate had fallen to 700, tubercu- 
losis was causing almost a quarter of all deaths in London. We may be 
sceptical as to what was then comprehended by ‘‘Consumption.” The 
“diagnosis” probably took in every condition stamped with features of 
emaciation and chronicity. These old Bills of Mortality seldom men- 
tion cancer by its present name or by any other that could possibly refer 
to it as a distinct affection. Presumably, therefore, almost all cancer 
was returned as “‘Consumption.”’ Again the Bills are innocent of pneu- 
monia, the deaths from which must have been reported under the classi- 
fications “Inflammation” and ‘‘Fever,’”’ which bulk respectably large; 
while not a few no doubt entered the column “Consumption.” (William 
Cullen’s definition of phthisis pulmonalis was “an expectoration of pus 

. attended with a hectic fever’ (26).) All in all, tuberculosis was 
beyond doubt extravagantly “over-reported”’ as “Consumption.” But, 
again beyond doubt, it was an extremely common disease. 

Most significant is the sharp break in mortality from “Consumption” 
that came at the end of the nineteenth century. The rate for 1771- 
1780 was put at 1121, and for at least a hundred and fifty years there had 
been no material decline in it. But for 1801-1810 the rate was 716 
(crude death-rate, 2920). One can think of no decisive changes in 
diagnostic standards that featured this period, nor did any new disease 
appear in the later Bills of Mortality. Again, there is no record of the 
prevalence, throughout the century and a half before 1800, and sudden 
subsidence of any other disease that may have passed for pulmonary 
phthisis. Accordingly, we consider the evidence strong that at the end 
of the eighteenth and opening of the nineteenth century, there set in a 
very substantial reduction in the phthisis death-rate in London. Asa 
matter of fact the crude death-rate declined still more markedly. For 
1728-1757 this was 5200 (when “‘Consumption’s” was 905), and for 1771- 
1780 it was 5000 (‘Consumption,” 1121). But the marked retreat of 
smallpox (death-rate 502 in 1771-1780 and 204 in 1801-1810), owing to 
the new vaccination, and of ague may have accounted for the greater 
fall of the general rate. 

In the interminable discussions on the present-day reduction of tubercu- 
losis, it is not infrequent among those who would discredit the effect of 
public hygiene upon mortality to hark back to times that antedate asso- 
ciated direct effort. Among the dissenters the year 1830 has become a 
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fashionable starting point, from which to date the decline of phthisis in 
both the United States and England. If Hoffman’s composite chart of 
rates in Boston, New York and Philadelphia is really representative of 
conditions, 1830 is too early forour country. As stated earlier, there was 
a sharp break in mortality then, but within a short generation tuberculo- 
sis had recovered much of its lost ground, and again held, fairly steady, at 
a higher rate for another generation, until about 1880. It is rather 
the latter date which may serve to introduce that downward trend that 
has lasted to our day. 

On the other hand, 1830 is too late a date to stand for the onset of 
England’s improving phthisis rate. For 1831-1835 this rate was 567 
in London, a figure that may be set against the great city’s rate of 716 
for 1801-1810. Apparently the break in London and England came not 
long after 1780. What was going on then, rather suddenly to influence 
a disease that for surely almost two centuries (and maybe much longer) 
had been mowing down city people at rates above one thousand? 

Only a rash man would attempt to fish a generalization or two from 
out of the seething currents and cross-currents, which, in country and 
town, tossed about our ancestors who made the transition from Charles 
II to Victoria. Against men on the ground (Price) who foretold natural 
ruin because of the “luxury,” as manifested by less crowding, tea and 
sugar for the workman and silk stockings for the lamplighter, there were 
others (Samuel Johnson), who defended public amusements because “‘they 
keep people from vice;’’ or again (to Goldsmith), “Luxury, so far as it 
reaches the poor, will do good to the race . . . . it will strengthen 
and multiply them. Sir, no nation was ever hurt by luxury;for... . 
it can reach but to a very few” (27). There can be few more competent 
contemporary witnesses than Francis Place (28) of London life from 1780 
to 1830, and none more intimately concerned in the first great struggles to 
improve the socio-legal status of the working man in the dawning Indus- 
trial Revolution. As the first parliamentary victories for the working 
poor were being won (1820-1830) Place never tired of comparing the life 
of the laboring poor of the time with that of the seventeen-eighties, and 
always to the advantage of the present. In every respect,—housing, 
clothing, food, education, sobriety, manners, comfort,—there had been 
steady improvement. 

All moralists and historians have adverted to the profound evils 
wrought throughout England, and particularly among the urban poor, 
by the gin-drinking of the second quarteroftheeighteenthcentury. Most 
of them agree as to the prompt improvement following the Act of 1751, 
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“a turning-point in the social history of London.”” Perhaps some have 
made too much of the influence of the gin-drinking on mortality; never- 
theless, the current Bills of Mortality were wont to be items of the best 
evidence submitted to Parliament in the numerous efforts of the period 
that aimed to curb the traffic (29). 

An outstanding characteristic of the eighteenth century in England 
was the intensification of all features of ordinary life. While there had 
been steady development since the Middle Ages, nevertheless Europe 
was still tied to the past. But now, as Dorothy George (30) puts it, 
“the eighteenth century was a stage in the transition from mediaeval 
conditions,” or, to quote Moffit (31) in a more special connection, ‘“Ag- 
riculturally, there was a breaking away from the remaining vestiges of 
feudalism.” Heretofore cities and towns had been static or had grown 
very slowly at a “natural” rate that was leisurely indeed. We are prone 
to forget, for instance, that except for London there were, in 1685 (32), 
only two English cities of over 25,000 population, and only four of 10,000 
andover. These were Bristol (29,000), Norwich (28,000), York (10,000), 
and Exeter (10,000). Liverpool, Birmingham, Leeds, Sheffield and Man- 
chester were, all of them, 4,000 or less. This was after a corporate exist- 
ence of many centuries for most of the cities. As G. M. Trevelyan is 
careful to point out (33), ‘In the life of our day, the characteristic unit 
is the town. . . . . Then it was the country village.” But by 1760 
Liverpool and Birmingham had become 40,000, Norwich 40,000-60,000, 
Bristol 100,000, to name only a few representative examples of sensa- 
tional growth (34). Between 1700 and 1820 London’s population al- 
most doubled (674,000-1,274,000) (35). A five and a half million for 
England and Wales of 1700 had grown to over nine millions in 1801 and 
ten and a half millions in 1811. 

Trevelyan sounds the keynote at the very opening of his brilliant clas- 
sic, British History in the Nineteenth Century: Since 1780 “the rate of 
progress in man’s command over nature has been ten times as fast as in 
the period between Caesar and Napoleon. . . . . Even in the civilized 
era, . . . . the art of writing preceded the printing-press by tens of 
centuries. In those days each great invention was granted a lease of 
many ages in which to foster its own characteristic civilization, before it 
was submerged by the next. But in our day, inventions, each implying 
a revolution in the habits of man,‘ follow each other thick as the falling 
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leaves. Modern history, beginning from the England of 1780, is a series 
of dissolving views. In each generation a new economic life half ob- 
literates a predecessor little older than itself.” 

It is then (still quoting Trevelyan ) a “terrible pace at which the world 
now jolts and clanks along” that distinguishes the new from the old. 
Compared with our ancestors of George III’s day, ‘“‘Our daily avocations, 
our modes of travel, our ways of life differ as much from theirs as theirs did 
from the Anglo-Saxon.” And what has been the impelling force behind 
this unexampled outburst of human energy? It was, to follow Trevel- 
yan again, “invention . . . . harnessed to organised capital.” This 
ushered in what we now call the Industrial Revolution, a movement 
begun in England and almost immediately shared in by her wayward 
descendant, the infant United States. 

After the enumeration of the Census of 1801, the first to be taken 
nationally, it at once appeared that London had grown healthier and 
that a lower mortality was to be discerned, particularly after 1780. As 
Rickman, an official of the Census, wrote (in 1816) to the poet Southey, 
‘Since 1780 life has been prolonged as five to four, and the poor form too 
large a portion of society to be excluded from this general effect; rather 
they are the main cause of it; for the upper classes had food and cleanli- 
ness abundant before” (36). No small part of this improved viability 
of the poor must have been owing to a changing tuberculosis, which, 
twenty years after 1780 was proving to be a third less fatal than for 
almost two centuries before that date. 

In any consideration of what one might call the “reducers” of tubercu- 
losis, one might pay attention to scores of probable and conceivable con- 
crete factors,—to a great variety of special agents involved in the housing, 
clothing, feeding, and employment of a people and its constituent indi- 
vidual members. But, after every analysis of this kind, after every 
enumeration and listing of specific items, it will be found that practically 
all of them will fall into two general groups, according as they contribute 
to the material, that is, physical improvement of most people, or detract 
from this. In any comparison every factor must be appraised relatively. 
In estimating tuberculogenic or tuberculostatic agencies of several sepa- 
tate periods, we must therefore deal with more or fewer comforts, greater 
or less ease of living, greater or less chance of recuperative routine and of 
physical benefit, greater or less diffusion of improvement or retrogression. 
In an advanced society the play of forces that count becomes enormously 
complex, and therefore excessively difficult of analysis and definition. 
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But it would seem that, in very general terms, and having in view a so- 
ciety that is not oppositely affected too much by events of exceptional or 
calamitous nature, national and individual comforts, ease, enjoyment of 
life, must always be conditioned by one single capital circumstance. This 
is wealth, national and individual. As to its application to any status 
of tuberculosis, the circumstance is significant and important only in 
its relative aspects. It is not a case of any definite value of wealth being 
capable’ of fixing any standard of tuberculosis among any and every 
people. It is a matter of, first, what accommodation with life has been 
made by a people at a given time; next, of whether there occurs a change 
of wealth, and of what kind and degree; and then of whether this eco- 
nomic alteration has worked, and has been used, to the net physical ad- 
vantage or disadvantage of most people. If to advantage, and suff- 
ciently so, and if no counterbalancing catastrophes strike in, it is as 
certain as can be that tuberculosis will decline. 

One of the most remarkable features about as deeply rooted and slowly 
progressing a disease as tuberculosis is (as we have touched upon earlier) 
the extreme delicacy with which tuberculosis will respond to broad social 
movements that involve sudden radical changes of habit and which, 
directly or remotely, end by having a widespread physical effect. Paris 
is besieged, and finally taken, revolution stalks, and the Commune 
rules a suddenly impoverished and completely upset citizenry: and 
tuberculosis leaps at once to an unheard-of peak,—to return as suddenly 
to normal after stable order is reéstablished. A similar experience came 
to a half-dozen nations following the onset and the close of the World 
War. 

In the perspective of a hundred and fifty years the Industrial Revolu- 
tion is now seen to be as pregnant an event in the affairs of man as was 
the wreck of Imperial Rome or the Renaissance. We need not labor 
the point. For us the remarkable relation is that in the nation that 
“harnessed organized capital to invention” there coincided the onset of 
decline of a tuberculosis mortality that had been stabilized for genera- 
tions previously,—a decline that is still in progress after a century and a 
half,—a decline that in its long-continued trend has now and then, with 
transitory checks and momentary retrogressions, paid tribute to various 
episodes of the Industrial Revolution that in the resolving, in the alloca- 
tion of wealth, did not work to the physical advantage of most people. 
Periods of adverse balance of ordinary income and expenditures, of in- 
sufficient real wages, or of worsening of housing conditions for the masses, 


| 


sO- 
il or 
it of 
This 
atus 
y in 
eing 
very 
been 
ange 
eco- 
| ad- 
uffi- 
is as 


wly 
lier) 
cial 
ich, 
aris 
and 
enly 
ame 


orld 


olu- 
was 
that 
t of 
era- 
id a 
vith 
ious 


ple. 


TUBERCULOSIS AND PUBLIC HEALTH 303 


have flattened the downward trend at times; all souls diverted from the 
familiar routine of a lifetime to the waging of a great war has for a time 
reversed the trend. 

The chief material product of the Industrial Revolution has been, of 
course, so fabulous a multiplication of wealth as to beggar the imagina- 
tion. It is certain also that standards of living, as these affect the 
physical comfort of the masses, are worlds ahead of those of 1750 in all 
nations whose civilization may be regarded as characteristically industrial. 
It has also been shown repeatedly that within the last century tubercu- 
losis has declined most in these industrialized countries. 

Allin all, we may suppose that, as for us and the nation to which we 
are most closely linked, the present decline of tuberculosis represents only 
a more recent phase of a downward trend that set in long ago, and which 
in each case bore a definite relation to socioeconomic sequellae of the 
Industrial Revolution. The fields in which these activities of tubercu- 
losis were displayed were, however, vastly different in the two nations. 
In the one instance there was an ancient, rather stabilized terrain of 
limited and fixed bounds; in the other a new and continually expanding 
territory receiving ever-fresh and changing accessions of people spreading 
throughout a vast region of infinite variety of physical features. As 
might be expected, the downward trend is, on the whole, apparently 
more even and punctuated with fewer and less marked interruptions in 
the older, more settled nation. Again, general tendencies for short 
periods do not always coincide in the two nations. 

For instance, we have already seen, in the case of representative sec- 
tions of the United States in the middle nineteenth century, how a down- 
ward tendency can be disturbed. Apparently the earlier phases of the 
Industrial Revolution were marked by declines in tuberculosis in the 
United States as well asin England. But within twenty years a reaction 
setin. This backward swing toward higher rates was coincident with or 
followed close upon a period when, as quoted earlier from Adams, “the 
position of the native American worker became steadily worse.” 

We can think of the first years of the industrial era as a phase that 
was rather advantageous to the worker. Mill-hands were in ready de- 
mand, an underproduction kept prices of manufactured articles relatively 
high and wages (especially real wages) correspondingly adequate, while 
the cities were still able to absorb comfortably their incoming workers 
from the farms. Besides, there was, as yet, but negligible competition 
from foreign immigrants content to accept lower standards of living. 
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A balance, when struck between life on the farm and life in the factory 
town, was probably then in favor of the latter. At any rate the new 
opportunity was attractive enough to arouse a veritable emigration from 
the country to the larger centre with its mills. At any rate, too, there 
seems to have been a real and notable reduction of tuberculosis over a 
term of about fifteen to twenty years at this time (1830-1850). 

But the cities fill up faster than new adequate quarters are built and 
outfitted to accommodate the newcomers. The well-recognized evils of 
civic crowding become intensified,—in an era, too, when government was 
careless of these evils as of almost every office of public health. Now, 
too, the golden vein, that the new industrial idea had opened up, lures 
an excess of capital, as well as a host of dubious enterprises, with the in- 
evitable result of overproduction, cheapening of product, numerous un- 
sound manufacturing organizations,—a story that has been repeated how 
many times since?—with again the inevitable result of exploitation of 
the workman,—an exploitation that was ruthless and met with but little 
opposition when hordes of incoming foreign immigrants were always at 
hand to fill the places vacated by despairing native mill-hands. 

When the time comes for the student to search out and interpret the 
data of the fascinating problems of epidemiology that must be bound up 
with the social life of the early Industrial Revolution, the investigator will 
perforce pay attention to significant differences between the average lives 
of the average Englishman and the average American through the several 
periods that will stand out. He will, for instance, begin with farmers and 
with workmen in one country whose standards are anything but the same 
as those of farmers and workmen in the other country. As far back as 
Adam Smith’s time (1776) the colonial farmer and artisan lived in social 
and economic worlds that were the wonder and the envy of his English 
cousins. He hada freedom, and a wage, and a civic position that the latter 
could never aspire to at home. Conveniences and comforts, modes and 
standards of living varied correspondingly. It is therefore obvious that a 
transition from farm or small shop to the factory, which might mean 
decided improvement and amelioration for the Englishman, would con- 
ceivably find the American no better off than in his old position. Un- 
less inequalities of the early factory system were too grossly in favor of 
the American we should expect such a change as the Industrial Revolu- 
tion to promise much more benefit to the native of England than to the 
American workman. As mentioned above, we should look for prompter, 
more striking and less easily disturbed effects in all aspects that touched 
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We may also suppose that the course of tuberculosis during the Chris- 
tian Era should be viewed in relation to the social history of the civiliza- 
tion to which we are heirs. If such a conception is tenable or allowable, 
then our tuberculosis, descended from ancient times, is to be regarded as 
a delicately responsive, more or less permanent acquisition of man, re- 
acting appreciably to environmental agencies of sufficient potency, and 
subject to successive waves of ascending and declining incidence. De- 
population must be unfavorable to its spread and flourishing; but repopu- 
lation favorable, and to a degree that is directly proportional to ease of 
_ human intercourse, and to crowding and condensation of the masses. We 
may therefore think of the disease as having been adversely affected by 
the barbaric invasions and their more devastating effects,—adversely, 
perhaps, to the point of extinction in some quarters of Western Europe. 
Such a conception would then assume a return of the disease to (theoreti- 
cally) universal incidence as interprovincial and international avenues of 
communication redeveloped and in proportion as a natural agrarian 
economy was outrun by urbanization. In concrete terms the late Middle 
Ages or the Renaissance should represent the period when tuberculosis 
had again regained chief place. But this it cannot hold, even under the 
most favorable conditions of mere multiplication of cities and their growth, 
provided urban life undergoes changes that promote the physical conserva- 
tion and recuperation of the masses. Precisely the germ of this unto- 
ward factor (for tuberculosis) was introduced with the Industrial Revo- 
lution. This engendered wealth unbelievable; as this wealth is more 
evenly and adequately distributed among the people and is employed to 
their physical improvement, tuberculosis begins to totter in its high place. 


VIII 


We may wonder whether a single one of the Founders could have had 
any idea of what they were really doing for public health when, less than 
twenty-five years ago, they brought to life the National Tuberculosis 
Association. How the tuberculosis movement has become the centre and 
foundation of all public-health work is now so well understood and fre- 
quently mentioned that the circumstance needs little elaboration here. 
Antituberculosis effort has itself received much from all broad public- 
health measures. It has had its task made so much the lighter by every 
regulation that makes for better medical practice, whether this has 
aimed at improved medical instruction or the more accurate and com- 
plete reporting of diseases and deaths; by every requirement that seeks to 
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limit infectious disease, a field where public health can be peculiarly effec- 
tive because its interference with the individual is perhaps least open to 
question; by every act that has contributed to the comfort and enjoyment 
of life and the performance of daily work,—to the light, space, air and 
cleanliness of street, home and shop,—to relief from the grind and hazards 
of toil; and in this latter respect, our generation, veering gradually away 
from the moorings of the Manchester School, is working a revolution in 
the daily round of the people. 

But tuberculosis has given back to public health as much as it has re- 
ceived; surely as much, and, it would appear, much more. All of us like 
to grow eloquent anent the revolution wrought by tuberculosis propa- 
ganda in the sleeping habits of a nation; how in a few short years a people, 
holding age-long fears of the dangers of night air to health, opened its 
bedroom windows and accustomed itself to a restorative that must, in 
the large, be having incalculable effects for good: This sleeping in the 
fresh air of night, but a single unchallenged result of the tuberculosis 
movement alone, has been said on high authority to have been worth 
more in newfound fitness, translated into pecuniary terms, than all the 
vast sums poured into the combat against tuberculosis. 

A second boon that active tuberculosis prevention has passed on to 
public health has dwelt, of course, in the broader results of the supervision 
of cattle and of milk supplies. Perhaps the close watch on herds and 
dairies and the pasteurization of city milk would have come as soon and 
as effectively without the ghost of consumption,—a spectre that was 
plain to every man,—to spur them on. But one must doubt it; just as 
one must doubt whether thousands of children would be alive to-day had 
not their milk, in their babyhood and later, been treated for the germs of 
tuberculosis, and in the process cleansed of other germs of far less tenac- 
ity of life yet of greater immediate virulence. 

Briefly stated, the whole prophylaxis of tuberculosis,—the prevention 
which the founders planned and later knowledge expanded, and which 
organized effort undertook to practice,—would, if carried on to perfection, 
comprehend cutting the chain of contact of many of our other major 
infections as well as adding vastly to the sum total of human health and 
fitness. In thinking of tuberculosis this must never be forgotten :—that, 
in addition to being originated by one of the hardiest of all germs, it is the 
sole example of understood infections that can be conveyed by an inter- 
mediary in every conceivable way as well as by every kind of direct con- 

tact, and it is the only infection that can be received by the body in every 
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conceivable way and still eventuate in characteristic disease. But this 
is only the beginning of the story: for, with infection established, only 
part of the necessary etiological factors are by the event satisfied; of de- 
cisive importance in rounding out the cycle are the so called contributory 
determinants of disease, most of which reside in all the countless incidents 
that are capable of depressing bodily function and impairing health. 
These are the reasons why, fundamentally, efforts to affect tuberculosis 
in the mass must touch public-health endeavor at innumerable points; 
why, in any effective control of the sources and avenues of tuberculous 
infection, links in the chain of many other infections must likewise, and 
as a corollary, be broken; why, too, in the effective control of tuberculous 
infection within the person the level of bodily health must be raised,— 
a process that must become general when we act upon the significance of 
the next great fact,—that the greater part of mankind, with indwelling 
tubercle, becomes ipso facto the soil in which active tuberculosis is to 
be prevented. 


Ix 
In principles the plans of the Founders, as outlined at the very first 


meeting, were simple: to prevent infection by striking at the germ; to 
provide treatment for the early case; and, in order to ensure the latter, 
to hunt out the early case. 

How the prevention of tuberculosis came to prevent disease in general, 
or postpone the onset of inevitable physical decay, has just been men- 
tioned. Whether the Founders realized it or not, to prevent tuberculo- 
sis would mean the casting of lines into perhaps the greater part of ac- 
tivities that might affect human health adversely. Perhaps one of them, 
a “thinker-through”’ like Hermann Biggs, might have foreseen in shadowy 
outline what took shape later; we would expect this of a man who, twenty- 
two years earlier, previsioned the future with a thesis on “The Duty of 
the State in Regard to Public Hygiene,” presented for his Bachelor-of- 
Arts degree. But we may doubt whether even the imagination of Her- 
mann Biggs could have glimpsed what those first plans for the treatment 
of tuberculosis would lead to. 

The fifty or so sanatoria of the time have multiplied to well on toward 
seven hundred. Four thousand beds have increased to upward of seventy 
thousand; and the annual “turnover” of patients must now approach one 
hundred and fifty thousand. Perhaps the hopes of the Founders, that 
carried to the people the promise of the curability of consumption, have 
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not been fulfilled,—at any rate, not in just the way that they pictured the 
future. Various influences have combined to make even the average 
sanatorium patient only a partial and quite imperfect “cure’’ at best, and 
the average “‘cure,” who is restored to active life and holds his ground 
against further threats of phthisis, a handicapped competitor for the 
favors and rewards of achievement. But has there ever been anything 
to match the sanatoria in furthering the cause of public health? 

Much has been said about the sanatoria as educational institutions; 
about how they train their patients in the care and disposal of their in- 
fectious fomites and in the ways of recreative and healthful living,—in 
all details that may contribute to that upbuilding and upkeep of the body 
that are such necessary bulwarks against the inroads of phthisis. But 
this personal instruction must play far the lesser part in the whole educa- 
tional influence of sanatoria. 

We may believe that the really potent effect of sanatoria reaches to 
the myriads of those in comparative health who take an interest in the 
patients. Every year new hundreds of thousands of friends, relatives and 
acquaintances behold the transformation wrought in enfeebled frames by 
a regimen of simple elements that are accessible to all. With attention 
sharpened by interest, they learn of an incomparable hygiene from the 
living example. It needs no scientific inquiry to demonstrate how often 
and how deeply these lessons are taken to heart; the pupils have come 
under the observation of every one of us. And, though in the main the 
lesson is learned imperfectly and though much of it is forgotten or sunk 
in the limbo of neglect, we would venture that through patients returned 
from sanatoria the people of our generation have received their most 
effective information on the infectiousness of consumption, on the common 
ways of spread of an infection and of defense against contagion, on the 
reversed prognosis of a formerly hopeless malady, on the curative and 
preventive merits of a simple and easily employed hygiene. In other 
words, standing as object lessons, the sanatoria and their patients have 
been gratuitously creating what all of us have ceaselessly been maintain- 
ing must be the impulse behind a solid public-health movement :—they 
have been shaping an informed public opinion. Have we had any more 
effective or more widely diffused education of the people? 

Or have we had any more cogent or powerful agent than the sanatoria 
in enlisting the sympathy and support of the people in the aims and prac- 
tices of public health? The master-whose memory we honor to-night 
blazoned the motto, Public Health is Purchasable, in a way that allowed no 
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misunderstanding as to the nature of the actual immediate solvent of our 
problems of disease. He must have known too that sufficient funds would 
be approved by the public only after the masses were made to see and 
understand that public health pays; and he did his part in spreading 
this information abroad. He must have experienced what we all feel,—- 
that only too often the appeals for support of forward plans for the control 
of disease must, of necessity, deal in abstractions or refer to evils that are, 
at the time, just a little remote to the average man, and therefore leave 
him cold and unimpressed. Besides, the ready and adequate support of 
public health must have behind it the sanction of long usage and custom. 

It is in just these two respects that the tuberculosis movement, as typi- 
fied and expressed in the sanatoria, has been preparing the ground for the 
much-desired development and perfection of the civic shaping of general 
health. As it happened, tuberculosis enjoyed the distinction of being at 
once the most representative, the most impressive, and the most widely 
and intimately felt of all diseases. To cope successfully with tuberculo- 
sis undoubtedly appeared to the neophyte, the man of yesterday, as the 
“acid-test” of public-health practice. That the average man had this 
demonstrated to his satisfaction is proved by the tens of millions of dol- 
lars that he has voted for the construction and maintenance of our public 
sanatoria. ‘This support is now becoming habit, and is being taken as a 
matter of course; the general principle of Biggs’s maxim is, through anti- 
tuberculosis effort, on the way of being taken for granted; and the historian 
of the future, in recording the politico-economic evolution of the public- 
health movement, will trace out how, through the millions devoted to 
the care of tuberculosis, the public was led to devote,—may we say bil- 
lions?—to the harnessing of its disease. 

This whole process,—this slow and at times painful enlightenment of 
the people on the necessities and merits of the case,—is fundamentally 
not a whit different from the movement for public-school education in this 
country. In the opening up and settling of new territory all energies and 
resources must be turned to the work at hand; and to this both body and 
mind must be wholly applied, and indeed sacrificed, if need be. But 
with stability comes security, and with security the desire to cultivate 
all stirring talents in the achievement of comfort and leisure. When 
(whether rightly or wrongly is not to the point) our philosopher and doc- 
trinaire forbears had convinced the people that all men are by nature free 
and equal the field was sown for universal education out of public funds. 
The laborer and the mechanic became certain that the fruits of this new 


4 

he 
age 
nd 
ind 
the 
ing 
ns; 

in- 

in 
ody 
But 

ca- 
to 
the 
and 
by 

ion 

the 

ten 
yme 

the 

nk 
ned 

ost 

on 

the 
and 

her 

ave 
ain- 
hey 

ore 
oria 
rac- 
ight 
ad no 


310 ALLEN K. KRAUSE 


land were to be garnered by those of superior training and education and 
that, given these, their children would indeed be put on even terms with 
the sons of fortune; and the time came when they demanded public edu- 
cation and the privilege of being taxed for it. This great experiment in 
the United States was the marvel of foreign visitors in the middle nine- 
teenth century, and the movement has been one of growth and expansion 
ever since, with, be it remembered, always the same impulse behind it,— 
the conviction in the breast of the common man that education pays, and 
this conviction translated into action by a deep-seated feeling that the 
position of his family line is elevated by it. 

It is plain that public health must found its appeal to the common man 
on a similar basis. Once it enters his head that public health pays he 
will demand it also, and, as with public education, leave the costs to dis- 
cussion later. It is conceivable that the present enormous demand for 
higher education at public cost will so crowd the ranks of the highly skilled 
and technical and professional workers as to render more obvious the dis- 
parities and handicaps that inferior physical stamina engenders. There 
are indeed signs that an appreciation of this fact is already beginning to 
take hold of the popular mind :—how else explain the nervous and almost 
exhausting race to keep “fit” and youthful that characterizes our day? 
At any rate, Health for Health's Sake is surely an outworn call to action, 
if indeed it ever had its proper time and place. Health as an End?— 
no, it never was, never will be, and never can be for a healthy man of nor- 
mal outlook on life. But Health as a Means?—yes, because it pays, be- 
cause the man of normal outlook needs it to gain his heart’s desire. Such 
will be the appeal in the future, when our labor for public health will 
have lost much of its toil because the people of the United States had 
already seen fit to dot the land with sanatoria for tuberculosis; and, 
through these and the multifarious activities of the antituberculosis move- 
ment, had sown in the mind of the common man the same convictions, 
the same hopes, the same dreams, the same determination that stirred 
the Gorgases, the Trudeaus, the Biggses and their kind, to point their 
bark toward a shore where new-found health waits on fiscal sacrifice, 
and untold comfort and achievement on both. 


Notes 


(1) For instance, the famous visions of St. Hildegard, abbess and mystic, as 
described by Godefridus, can be identified, from both the text and picture, as 
originating in the flashes of scintillating scotoma, so commonly an aura of 
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migraine (Arnold Klebs). It seems very remarkable that as long as sixty years 
ago Lecky (History of European Morals) ascribed the visions and miracles of 
the early anchorites to the hallucinations engendered on the pathological back- 
ground of a body and soul disordered by asceticism. ‘An imagination strained 
to the utmost limit, acting upon a frame attenuated and diseased by macera- 
tions, produced bewildering psychological phenomena, paroxysms of conflicting 
passions, sudden alternations of joy and anguish, which he [the hermit] regarded 
as manifestly supernatural.” (Lecky.) Mahomet’s epilepsy, his periods of 
depression to be followed by the promulgation of Suras, his seasons of “grievous 
mental distraction” (Muir), surely help one to an understanding of his astound- 
ing career, fundamental to which was his own overpowering belief in his divine 
inspiration. 


(2) G. M. Trevelyan’s characterization of Cecil Rhodes (British History in 
the Nineteenth Century, p. 412). 


(3) Quoted from A History of Greece, by G. W. Botsford. While the Great 
Plague at Athens cannot be identified with certainty, following Grote it has 
more commonly been regarded as having been exanthematous typhus. The 
pestilence of the reign of Marcus Aurelius was probably typhus also. 


(4) Gibbon: Decline and Fall of the Roman Empire, Cap. xliii. The great 
pestilence of Justinian’s time was plainly bubonic plague. “During three 
months, five, and at length ten, thousand persons died each day at Constan- 
tinople. . . . . Many cities were left vacant, and . . . . in several dis- 
tricts of Italy the harvest and the vintage withered on the ground.” (Gibbon.) 


(5) Quoted from T. Clifford Allbutt, Greek Medicine in Rome, Cap. xvi. “If 
malaria were not the chief cause of the slow degradation of the Empire itself, no 
doubt it aided the course of events.” (Allbutt.) 


(6) Quoted from J. R. Green’s A Short History of the English People. 


(7) New England’s Memorial, included in Chronicles of the Pilgrim Fathers, 
Everyman’s Library, J. M. Dent & Sons, and E. P. Dutton & Co. Fora very 
thorough, as well as interesting, research into the nature of this “providential” 
pestilence among the Massachusetts Bay aborigines, see H. U. Williams: 
The Epidemic of the Indians of New England, 1616-1620, with Remarks on 
Native American Infections, Bull. Johns Hopkins Hosp., 1909, xx, 340. It has 
been impossible to identify the disease. However, significant (thinks Williams) 
is the fact that the Pilgrim colonists were immune, a circumstance that would 
suggest that the affection was one that had been prevalent in Europe, and had 
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perhaps been freshly introduced into the New England coastal region from the 
East. Accordingly, one would naturally think first of smallpox, but, again, if 
it had been smallpox, one would suppose the colonists to have identified it 
readily assuch. This, except for one writer (mentioned by Williams), they did 
not do. As to the likelihood of its having been bubonic plague, as Williams 
says, the colonists must have been familiar with this disease because of its 
numerous epidemics in the sixteenth and seventeenth centuries. In this 
connection, however, the fact that they so often referred to the pestilence as 
the plague can mean nothing,—simply because the term has long been used 
generically. “Nevertheless,” says Williams, “it seems probable . . . . that 
a majority of the original authorities on the epidemic . . . . considered that 
epidemic to be bubonic plague. . . . . Remembering that the epidemic 
among the Indians occurred about 1616 to 1630, it seems quite possible that the 
germs of ‘the plague’ may have been transferred from England to America.” 

Against any implication by Williams that the epidemic among the Indians 
might have been bubonic plague, introduced (as some have thought) by Euro- 
pean vessels which skirted the New England littoral before the arrival of the 
Pilgrims (such as Captain John Smith’s), or by returned Indians, who had 
been kidnapped and taken to England, are two criticisms that may be raised. 
First, since the time that Williams wrote, we have learned that bubonic plague 
is transmitted by flea-infested rodents; and, second, because of the almost 
inevitable mortality of plague, there can be few immunes alive, even among a 
population accustomed to outbreaks of the plague. 


(8) It is only fair to remind the reader that the first successful application of 
modern hygiene in warfare was that practised by the Japanese Army in the 
Russo-Japanese War in 1904. Here, for the first time, the casualties suffered 
in action exceeded those due to disease,—but only on the Japanese side. Their 
great triumph was in the control of enteric infections especially. 


(9) L. I. Dublin and G. H. Van Buren: Special Aspects of the Declining 
Tuberculosis Death-Rate in the United States, Tubercle, 1927, ix, 22. 


(10) There is reason to believe that tuberculosis was a much “under- 
reported” disease to the Bureaus of Vital Statistics of the various cities and 
states. As late as 1900 “general debility,” ‘“asthenia,” “old age,” “senility,” 
“bronchitis,” “jaundice,” to mention only a few, were accepted, without 
question or further inquiry, as causes of death in even the more forward states 
of the Atlantic seaboard. It needs but little imagination to realize how readily 
several of the foregoing “causes of death” could be attached to cases of pul- 
monary tuberculosis, as, indeed, .was frequently done. In the eighteen- 
nineties the author “‘studied”’ medicine, under the preceptorial system, in the 
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office of a physician-surgeon, who was the leading consultant for thirty miles 
roundabout in Pennsylvania. A death from tuberculosis, if occurring in the 
better class of patients, was never returned as such from the office. A certain 
social stigma was still attached to the idea of consumption in a family; but, still 
more to the point, the author was taught that it was important to keep tuber- 
culosis off the record, because such a return might endanger the chances of 
the decedent’s heirs obtaining life insurance. Such practices cannot have 
been uncommon. 

In view of the prevailing ideas of the time, it is difficult to think of reasons 
that would lead physicians to report much tuberculosis where it did not 
exist, although one can easily understand the opposite tendency. 

Imperfect though present diagnosis and reporting of deaths may be, every 
one with experience will admit that the average of each is worlds ahead of the 
average in 1900. Especially the death-returns have improved in both accuracy 
and conscience, just as the standards of acceptance are much more rigorous. 
As concerns tuberculosis, while the early phases of the disease may still offer 
difficulties of recognition, ordinary terminal consumption was quite well under- 
stood in 1900; at any rate, most errors then were made on the negative side; 
for instance, “tuberculosis” would go in as “chronic bronchitis” much more 
often than “chronic bronchitis” as ‘“‘tuberculosis.”’ 

All in all, we should suppose that the reported tuberculosis mortality of 
1900 greatly understated the true situation. 


(11) Since the writing of this address, this correction of tuberculosis death- 
returns has been made for the single year, 1926, by J. V. DePorte: Recorded 
and Resident Death-Rates from Tuberculosis in New York State in 1926, AMERI- 
CAN REVIEW OF TUBERCULOSIS, 1928, xvii, 634. The conclusion reached by 
this study is “that the resident death-rate from tuberculosis of rural New York ts 
lower than the urban rate.” 

From the corrections for only one year, it is impossible to determine whether 
the urban rate in New York has been declining more rapidly than the rural © 
rate. Reasons for believing that such is the case have been given in the body 
of the foregoing address, and, until positive contradictory evidence is available, 
I am content to stand on these and adhere to a belief in the correctness of the 
general proposition. 

In further support of it may be cited the following facts recently made 
available by Dublin and Van Buren (loc. cit.): Since 1910 the reduction of 
tuberculosis mortality has been much greater among the workers insured in 
the Industrial Department of the Metropolitan Life Insurance Company than 
among the general population of the United States Registration Area. What 
is particularly significant here is that these insured workers can be taken to 
represent a most highly tuberculized urban population; for, as Dublin and Van 
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Buren point out, they “live almost altogether in the cities of the United States 
and Canada, where they constitute about one-third of the total population,” 
and, again, they constitute “the very group where the ravages of the disease 
have been worst,’’—that is, prior to 1910. 

For instance: Between 1911 and 1920 the tuberculosis death-rate for the 
insured white males declined 47.7 per cent (from 230.9 to 120.8), a figure that 
may be compared with a reduction of only 27.3 per cent (from 166.6 to 121.1) 
among the white males in the United States Registration States in the period 
1910-1920. After 1920 the decline went on at accelerating pace. By 1925 the 
white male wage-earner had reached the low rate of 84.3, or a reduction of 
63.5 per cent since 1911, while the Registration-Area white males now had a 
rate of 92.4, or a decline of only 44.5 per cent since 1910. Further comparison 
discloses the amazing fact that in the 15 years leading up to 1925 the tuber- 
culosis death-rate for insured white males changed from a position of 38.6 per 
cent higher than that for the white males of the general population to 9.6 per 
cent below the latter. 

Their own studies have convinced Dublin and Van Buren that tuberculosis 
mortality has declined more in the cities than in the rural districts. 

In the consideration of a problem, that offers as many complicated currents 
and cross-currents as does the subject of the foregoing address, one naturally 
thinks of the possibility of a material depletion of rural physique, vigor and 
health attending the extensive movement from country to city that featured the 
decade 1911-1920. In the latter year the urban exceeded the rural population 
of the United States for the first time in the nation’s life (51.4 per cent urban as 
against 48.6 per cent rural). Each section gained in population: but the in- 
crease in the rural districts was a paltry 3.2 per cent if contrasted with a 26.4 
per cent gain for the cities. And this slight rural increase was entirely 
attributable to the growth of incorporated communities of under 2,500 popula- 
tion, which are listed in the Census as “rural.” 

The really significant feature of the movement, from our point of view, was 
the trend from the land to the town. The Census of 1920 showed that except 
in Connecticut and Arizona, a migration to the larger centres had resulted in 
regions of decreasing population during the decade. The magnitude of this 
abandonment of the open country becomes apparent when one finds that the 
territories of decreasing population comprised 78.2 per cent of the total area of 
Missouri, 77.9 of Delaware, 68.4 of Indiana, 61.2 per cent of New York, and 60 
per cent of Vermont. (Statistics of J. A. Hill: Some Results of the 1920 Popu- 
lation Census, J. Amer. Statist. Assoc., 1922, xviii, 350.) In other words, the 
“great open spaces” of the several states are being stripped of their people still 
more to build up the more populous centres of the same or of neighboring 
states. 

Such a movement works for selective changes in both rural and urban popu- 
lations. The great proportion of the migrants make the change to better 
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their socioeconomic condition. They are accordingly of the young-adult, 
highly productive groups for the most part. They are, in a way, of pioneer 
type, which has few recruits from the weaker citizenry, the less vigorous, the 
easily tired with the seeds of active tuberculosis sprouting. These are left, 
to swell the proportion of the tuberculous and “pretuberculous” in a diminish- 
ing population at home in the country,—to be added to by the failures and the 
ailing, who drop behind in the city, and straggle back,—and again increased 
by the successes, who, arrived at the upper ages, return to their native heath, to 
pass a comfortable retirement amid less stressful and familiar scenes. It may 
well be that the long-continued draining by the cities of the best rural stocks is 
beginning to reach a point where an influence toward rural deterioration is 
being felt. 

But here again influences and effects can be far from simple. The automo- 
bile and the applications of electricity have been revolutionizing country life. 
In some ways they would operate toward counteracting the forces of decay. 
There never has been a time when comforts and refinements, that we usually 
think of as peculiar to city life, have been made so available to the countryman 
as at present. 


(12) Benjamin Rush: Thoughts upon the Cause and Cure of the Pulmonary 
Consumption, Medical Inquiries and Observations, ed. 5, Phila., 1818, vol. i, 
p. 37. 


(13) S. P. Hildreth: On the Climate and Diseases of Washington County, Ohio. 

American Journal of Medical Sciences, February, 1830, v, p. 326. According 
to Hildreth, 
Phthisis pulmonalis, at this early period, was a disease nearly, or wholly unknown; the 
invigorating effects of constant exercise, exposures to all kinds of weather, a simple, but 
nourishing diet, and the enlivening faculties of the mind kept in continual play, forbade the 
approach of this scourge of indolence, and the refinements of modern fashions. Very few 
cases of it occurred until after the year 1808—and these did not average more than one death 
a year in a population of two thousand. Since the years 1815 and 1816, when pneumonia 
typhoides was so prevalent, consumption has been gradually increasing, and at this time the 
average annual amount of deaths is about two in a thousand inhabitants. 


(14) L. Callaghan: On the Topography and Diseases of Western Pennsylvania, 
American Journal of Medical Sciences, November, 1823, iii, p. 36. 


(15) Henry Gibbons: Annual Address before the San Francisco County 
Medical Society, January 27,1857. (Published as pamphlet, San Francisco, 
1857, pp. 1-24.) Says Gibbons: 

A few years ago it was supposed that the climate of California was almost proof against 


Pulmonary disease. In 1850, if an individual happened to cough in church, all eyes were 
turned on him with curiosity and amazement. The native population, it was said, were 
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entirely exempt from disorders of the lungs. But time has dispelled the delusion, and 
Pulmonary Consumption and the kindred affections, have become the great enemy: of 
human life, as in the Atlantic States. . . . . such diseases are developed ab initio in this 
country, about in the same degree as in the Atlantic States. As the female population in- 
creases, the bills of mortality exhibit a corresponding increase in the number of victims. 


(16) F. H. Davis: Some Facts Regarding the Relation Existing between the 
Prevalence of Pulmonary Tuberculosis and Hygienic Surroundings of the People, 
Transactions of the American Medical Association, 1878, xxix, 149. This is a 
capital article and deserves more extensive quotation. We may give the 
following extract: 


The marked and important effect which the occupation, habits of life, and hygienic surround- 
ings of a people have in determining the prevalence of consumption is remarkably shown by a 
comparison of the death-rates from this disease in different sections of the country for similar 
periods of time. The general death-rate to population, as shown by the U. S. Census Tables, 
was for 1850 1.39 per cent, for 1860 1.25 per cent, for 1870 1.28 per cent, showing a slight 
decrease in the general death-rate during the twenty years. The death-rate from consump- 
tion to 100,000 persons living, for the same period, was as follows: 1850, 145.5; 1860, 155; 1870, 
181.3; showing a very decided increase for the twenty years in the death-rate from this disease, 
while the general death-rate was at the same time diminishing. 

During this period of twenty years there has been a rapid building up of manufacturing and 
commercial industries. The native population have largely abandoned agricultural pursuits 
for the more attractive and profitable channels of trade and commerce; they have come in 
from the country to fill up our older cities, and to build and develop new centres of population. 
Many of the newly arrived emigrants are also retained in the city workshops and factories. 
A more air-tight class of stone and brick buildings have been erected, and last, but not least, 
close coal stoves have come into general use to replace the open fire-place for purposes of heat- 
ing. Increased density and aggregation of population, without sufficient attention to drain- 
age and sewerage, more close and perfect house construction without adequate attention to 
ventilation, are clearly responsible for this increased prevalence of consumption. 

Let us now compare the death-rates from consumption for the same period of time in two 
groups of States—a N. E. group composed of the New England States, New York, and New 
Jersey; and another N. W. group comprising Indiana, Michigan, Illinois, Wisconsin, Iowa, and 
Minnesota. In the former or N. E. group a very considerable proportion of the population, 
even as early as 1850, and increasing to the present time, have been living in large cities and 
villages, and engaged in manufacturing and mercantile pursuits. In the country the farms 
are older, and contain a more permanent class of houses and improvements. The death- 
rate from consumption in this group per 100,000 persons living has increased slightly from 251 
in 1850 to 253.75 in 1870. Inthe N. W. group the population was in 1850 almost exclusively, 
and to the present time is largely engaged in agricultural pursuits. In 1850 the death-rate 
per 100,000 persons living in these States was 111, in 1860 124.5, in 1870 134, showing a very 
markedly less prevalence of the disease in the N. W. than in the N. E. group during the twenty 
years, and yet an alarmingly rapid increase in the actual death-rate during that time, resulting 
undoubtedly from the same causes that are operating in the older Eastern States, namely, in- 
crease of city and village population, growth of rnanufacturing interests, close houses, and 
coal stoves. 

From an examination of the records of the Provost-Marshall’s office during the late war, we 
find that of 100,000 persons examined 24.31 per cent were rejected on account of consumption 
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in the N. E. group of States, while but 10.77 per cent were rejected from the same cause in the 
N. W. group. These examinations were confined to males between the ages of eighteen and 


forty-five years. 


(17) August Hirsch: Handbuch der Historische-Geogriphischen Pathologie, 
ed. 2, Stuttgart, Ferdinand Enke, 1886, iii, 153. 


(18) New England in the Republic, Boston, Little, Brown, and Company, 
1926. The quotations in this section are from Chapter XIII, “A New Outlook,” 
1815-1825; Chapter XIV, ‘“‘A Changing Society;” and Chapter XVI, 
“Strife.” 


(19) Section VII did not form part of the Biggs address as delivered, but has 
been written since and is an interpolation. Since the writer disclaims any 
professional knowledge of history or epidemiology, this section does not pretend 
to any research in these subjects. It attempts nothing more than an adjust- 
ment of certain broad and rather generally admitted facts concerning a major 
human malady with several broad and widely held views of general and social 
history. It is true that an awakened interest in mediaeval history and the 
unexampled archaeological activity of recent years have led to discoveries that 
are making necessary a revision of our ideas of European life and civilization, 
particularly in the centuries after about the year 800 A.D. For one thing, 
few modern historians hold to the old idea of a ‘“Dark Ages” and a Mediaeval 
Period featured by a millennium of complete inertia. There may have been a 
descent to Avernus; but there followed, almost immediately, the business of 
working back and up toward the old brightness of a glorious civilization. 
Whatever characterized the life of the years 500-1400 A.D., it was neither a 
spirit nor a mode of immobile passivity. The more we recover memorials of 
these blankest of eras, the more we realize that always these too were “stirring” 
times. 

Unless this section were to go to many times its present length, it were wholly 
impossible to attempt to hold the balance even in developing any central theme. 
Involving the presentation of conflicting evidence at every turn, this would run 
toa work of several volumes. As to how complete was the wreck of the Empire 
or the blackness of the Dark Ages, or how sudden and brilliant the Renaissance, 
or as to what were the effects of the Industrial Revolution on the several classes 
at various contrasted periods, lay beyond the scope of this essay. Similarly, 
I have not touched upon such important and undoubtedly influential matters 
as the effects of the several enclosures of commons land and of the reform labor 
legislation of the eighteen-twenties in England. It would require pages to 
trace the beginnings of the Industrial Revolution,—merely to endeavor to 
fix its birth-dates and analyze the social conditions and public health of this 
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period alone. I had hoped to marshal the evidence to show how the new 
factory era worked to very opposite effect at different periods of its develop- 
ment, so far as the health of the worker is concerned. But this too became 
impossible. I deal, therefore, in very general terms, aware of all the dangers 
that this method of treatment involves, with the idea of developing the single 
theme that, as a “universal” disease, tuberculosis has fluctuated with the 
changing civilization of the white man. 

In the preparation of this section I have consulted many works. The one 
that is drawn upon (by quotation) most freely is the recent book by P. Boisson- 
ade: Life and Work in Medieval Europe (Translated by Eileen Power), New 
York, Alfred A. Knopf, 1927. 


(20) The writer is fully alive to the objections that might be raised to a 
generalization of this kind. The critic, with his eye on the other side of the 
shield, might question its validity as he passes in array opposing facts: such, for 
instance, as the serious invasions of the third century (and later), the nibbling 
away of frontiers, the depopulation and decay of agriculture in various parts of 
the Empire, the increasing economic difficulties of the state, the periodical rises 
of prices with their resulting distress of the poor, the chaos and anarchy around 
the throne, the increasingly burdensome taxation, and so forth. 

Nevertheless, it would appear that in most parts of the Empire the material 
prosperity of the average citizen had never been higher, and was increasing. 
Professional soldiers, mainly provincials, fought the wars on the frontiers, while 
the mass of the people went their daily round in peace, and advancing to a 
capitalistic society at this very period. It was not an exceptional picture,— 
this of a citizenry proceeding along the path of increasing comfort and luxury, 
as the State meanwhile crumbles to decay. We have a rough counterpart in 
the France of 1780: externally it was at its peak, in many ways it had never 
enjoyed so high a civilization nor so bountifully of its blessings, as at the 
moment when disaster loomed. 

A few quotations from Boissonade may serve to crystallize this side of the 
situation: 


Everywhere social life had flourished, and was still flourishing in the fourth century, more 
especially in urban surroundings. Hundreds of towns were living an easy and pleasant 
existence. . . . . Amid the unexampled magnificence of the capitals, Byzantium, Rome, 
Milan, Thessalonica, Trier, and Arles, all the splendours of luxury and of civilization were 
displayed. The countryside was covered with townships (vici) of little free proprietors and 
with the elegant dwellings, . . . . in which the great proprietors lived. . . . . Slavery 

. . had almost disappeared in favour of free artisans in the towns and coloni in the 
country districts Roman Europe was none the less, at the beginning of the fifth 
century, in possession of a greater degree of material prosperity than any other part of the 
world. If certain countries, such as Greece and peninsular Italy, had been sorely assailed by 
depopulation, war, and economic changes, many other regions provided a picture of fertility, 
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comfort, and well-being which was unmatched; such was notably the case in Macedonia, 


Thrace, Dalmatia, Northern Italy, Spain, Gaul, and Britain. . . . . In whole provinces, t | 
such as Aquitania, poverty was almost unknown. . . . . Industrial production outgrew ie 
all the results hitherto obtained. . .. . Division of laborhad begun. . . . . The activity (a i 


of trade maintained itself on the very eve of the invasions, and was promoted by the appear- 
ance of more elaborate commercial institutions, the development of instruments of credit 
and of river transportation, the construction of a magnificent network of over 90,000 miles of 
roads, and the building of great ports. ‘Every day the world grows more cultivated and more 
wealthy,” wrote an enemy of Roman society. ‘Everywhere there is commerce, everywhere 
towns.” 


(21) G. C. Coulton: The Medieval Village, Cambridge, At the University 
Press, 1925, p. 65. 


(22) Is it permissible to suppose that the historic emergence of syphilis at the 
close of the fifteenth century was brought about by an international intercourse, 
which, gradually developing, at last reached a point favorable to the dissemina- 
tion of the disease? Manners too must count here; and certainly a civilization 
that put the Borgia Alexander VI in charge of Christendom must be conceived 
of as reflecting the apogee of unrestrained sexual license. After all, the long 
line of unmoral popes of the fifteenth century, that culminated in Alexander, 
but mirrored prevailing tendencies of the times. The classical humanism of the 
Renaissance operated mightily toward cutting away all restraints and authority 
that mediaeval sacerdotalism had built up in the process of taming and civiliz- 
ing the barbarians. Chivalry had also aided in formulating a code of legitimate 
sexual relations. All this went to pieces, especially in Italy and France, with 
the Renaissance. The reader of Cellini, for instance, finds it difficult to 
to imagine a society of greater sexual abandon and promiscuity than the one 
Cellini naively depicts. Why should the spread of syphilis not have been 
affected by the culmination and coincidence of the two factors mentioned,— 
that is, by the growing ease of communication of increasing populations and 
by the thorough loosening of sexual bonds that had never been too rigorous 
previously? At any rate, we can hardly consider as tenable the two alterna- 
tive theories commonly advanced: (1) that at the time in question syphilis 
originated de novo in Europe, or (2) that, previously nonexistent in Europe and 
native to the American continent, it was introduced by the sailors of Columbus 
on their return from their voyage of discovery. 


(23) Proportionate to the population alive, the pandemic of 1346-1349 was 
no doubt the most destructive pestilence that ever swept the human race. 
For the next three centuries recurring epidemics of plague took a frightful toll 
of lives in all parts of Europe, although no single wave after that of the thirteen- 
forties covered the same extent of territory. After the last great historic 
epidemic of 1665 plague seems to have lost much of its force in Europe, except 
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in Russia and the Southeast. The last of the great epidemics in Western 
Europe was that of Marseilles and southern France (Aix, Arles, Toulon) in 
1720-1722. Messina (Sicily) had a very destructive local epidemic in 1743. 


(24) See A. K. Krause: The Decline of Tuberculosis Mortality in the United 
States and the Influence of the Influenza Epidemic of 1918, AMERICAN REVIEW 
oF TUBERCULOSIS, 1926, xiii, 385. It is here calculated that influenza, during 
October, 1918, and succeeding months may have removed upward of 4,000 
persons with consumption, who otherwise would have remained alive at the 
time and lived on to the limit of normal “expectancy” for consumptives. It 
is also shown that, while estimates have accounted for 600,000 deaths as due 
to influenza in the United States during 1918-1921, the tuberculosis deaths for 
1919-1921 were about 375,000 fewer than if the tuberculosis death-rates of 
1918 had prevailed through the three years. This represents such an enormous 
number of fewer deaths from tuberculosis than would have taken place at the 
old rate that we cannot think of influenza playing more than a minor part (if 
any) in the decline. 


(25) The figures given in this and the succeeding paragraph are taken from 
M. Dorothy George: London Life in the XVIIIth Century, New York, Alfred 
A. Knopf, 1925, where they are included in two appendices, p. 407. One of the 
tables there shown is of “The mean annual number of deaths in London 
produced by twenty classes of disease out of 100,000 living according to the 
Bills of Mortality,” which is in turn taken from J. R. M’Culloch, Account of 
the British Empire, 4th ed., 1854, ii, p. 613. The other table represents the 
“Number of annual deaths from certain diseases according to the London 
Bills of Mortality out of 100,000 living in the ten years ending with 1780 and 
with 1810 respectively,” and is from J. Milne, A Treatise on the Valuation of 
Annuities and Assurances, 1815, p. 472. 

In this connection it is interesting to review London’s diseases and casualties 
for the year 1788 (December 11, 178Y to December 16, 1788), as given in a 
report of burials that appears as an appendix to Pennant’s survey Of London, 
Printed for Robert Faulder, no. 42, New Bond Street, MDCCXCC. The total 
number of deaths for the year were 19,697, of which 5,086 are credited to 
“Consumption” (in addition to 488 due to “Asthma and Phthisick’”’). Accord- 
ingly, “Consumption” was responsible for slightly more than one-quarter of all 
deaths. But 6,138 of the total number of deaths took place in infants under 
two years of age and 1,522 in children from two to five years. If these are 
subtracted from the total there are left 12,037 deaths occurring in persons over 
five years of age, and of these “Consumption,” which could have been returned 
as a cause of death for but very few infants and young children, would then 
account for 42 per cent, or almost one-half. It is interesting that in this list 
“Cancer” is given as the cause of 76 deaths, and “French pox” (syphilis) the 
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cause of 45. The classification “Aged” accounts for 1,424 deaths, ‘Small 
Pox” 1,101, and “Fever, Malignant Fever, Scarlet Fever, Spotted Fever, and 
Purples,”’ lumped together, for 2,769. Indeed, the internal evidence here is 
that “Consumption” includes vastly more than phthisis pulmonalis, unless the 
latter was prevalent to an extent that is hard for us to comprehend. 

In the beginning of the nineteenth century English observers were impressed 
by an apparent increase of comparative mortality from consumption. There 
is, for instance, a book by W. Woollcoombe: Remarks on the Frequency and 
Fatality of Different Diseases, Particularly on the Progressive Increase of Con- 
sumption, with Observations on the Influence of the Seasons on Mortality, London, 
1808. Beddoes was quite likely correct in his opinion that the increase arose 
“from the smaller number of deaths that occur from other diseases, in propor- 
tion to the increased population.” He gives the ratio of deaths from consump- 
tion as follows: at Bristol, 10 out of 24; London, 10 out of 32; Chester, 10 out 
of 54. (From Thomas Young: A Practical and Historical Treatise on Con- 
sumptive Diseases, London, 1815.) 


(26) William Cullen (1712-1790): First Lines of the Practice of Physic, first 
published in 1781, and printed in many editions for several generations. “He 
dethroned Disease and set up the Patient,” said Allbutt (Medicine in 1800, 
British Medical Journal, December 29, 1900). 

For Richard Morton (end of seventeenth century) phthisis pulmonalis 
was a “consumption of the entire body with fever” (Phthisis pulmonalis est 
Consumptio totius Corporis cum febre). 

Thomas Young (loc. cit.) understood “the appellation ‘Consumptive Dis- 
eases,’ as comprehending all the species and varieties, which are referred, 
according to the classification approved by Mead, Macbride, and many other 
authors, to the genus Hectic Fever.” Moreover “the genus Hectica” com- 
prehended “three species, Hectica debilium, that is, simple hectic, without 
emaciation; Hectica tabes, decline or wasting, without pulmonary affection; 
and Hectica phthisis, or consumption, with cough.” 


(27) Boswell’s Life of Samuel Johnson, Henry Frowde, 1904, vol. i, p. 487. 


(28) Graham Wallas: The Life of Francis Place (1771-1854), ed. 3, New 
York, Alfred A. Knopf, MCMXIX. 


(29) Between about 1727 and 1750, at the time when the evils of gin-drink- 
ing were at their height, London’s mortality was the highest since the plague 
year 1665. In 1741 the burials were 32,169, and at this time the baptisms were 
at the lowest point during the century. ‘After 1760 it became clear that the 
burials were decreasing.” (George: Loc. cit.) 


all 
n 
in 
g 
0 
€ 
It 
e 
or 
of 
us 
e 
(if 
m 
ed 
he 
on 
he 
of | 
he 
on 
nd 
of 
ies 
mn, 
tal 
to 
d- 
ler 
ATe 
er 
.ed 
len 
ist 
he 


322 ALLEN K. KRAUSE 


The history of the gin-drinking era, and of the measures taken to control 
the evil, forms an absorbing ten pages of Lecky’s History of England in the 
Eighteenth Century. ‘The master curse of English life,” is Lecky’s characteri- 
zation of gin-drinking, which “‘if it did not absolutely originate, at least became 
for the first time a national vice, in the early Hanoverian period.” The reader 
will also recall Hogarth’s contrasting cartoons, ‘“‘Gin Lane” and “Beer Street,” 
published in 1751, the year of the passage of stringent measures by Parliament. 
“Dropsy, which had risen in London to a wholly unprecedented point between 
1718 and 1751, immediately diminished, and the diminution was ascribed by 
physicians to the marked decrease of drunkenness in the community” (Lecky), 
“Still,” continues Lecky, “these measures formed a palliation and not a cure,” 
an opinion that will be shared by those who dabble in the literature of the 
period. Among other methods enacted, legislation had aimed to tax gin out of 
existence. The result was the inevitable smuggling and moonshining, and 
the “Diary of a Country Parson,” a fascinating record that has only recently 
been released for publication, records many a meeting, at which gin and other 
delectable beverages passed hands, between the writer, the Reverend James 
Woodforde, of Weston parish, near Norwich, and his “honest smuggler,” on 
into the seventeen-eighties and nineties. 


(30) Loc. cit. 


(31) L. W. Moffit: England on the Eve of the Industrial Revolution, 1925, 
International Publishers, New York, p. xv. 


(32) Moffit: Loc. cit., pp. 140-141, and Appendix XII. 


(33) G. M. Trevelyan: British History in the Nineteenth Century, Longmans, 
Green, and Co., 1922, p. 2. 


(34) Moffit: Loc. cit. 


(35) From M. Dorothy George: Loc. cit. The cities of the newly industrial- 
ized north grew much more rapidly, and because of this the rate of growth of 
the country as a whole was greater than that of London. 


(36) M. Dorothy George: Loc. cit., p. 19. 
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TUBERCULOSIS IN CHINA 


A Statistical Study! 
JOHN H. KORNS 


The object of the following study is mainly to show statistically the 
incidence of the various forms of tuberculosis among the patients of the 
Peking Union Medical College Hospital. The material analyzed con- 
sists of records of in-patients during a period of over five years and of 
out-patients during two years, ending December 31, 1926, and of autopsy 
records during approximately eight years. As nearly all of the tuber- 
‘culosis patients are Chinese no detailed study of the non-Chinese has 
been made. 

The hospital population does not represent a cross-section of the 
Chinese community, and, for this reason, the cases of tuberculosis found 
within the hospital may not be taken as giving the incidence among the 
Chinese people, yet carefully prepared data based upon proper diagnostic 
procedures should be of value, as no similar studies among Chinese have 
been published. This is a general hospital, semicharitable in nature, 
which accepts patients with almost every type of disease, of both sexes 
and all ages; however, the necessity of providing varied clinical material 
for teaching is kept in mind. 

A word as to the reliability of the data is in order. The in-patie ts, 
naturally, were studied with more care than were the out-patients, but 
the latter had, as a minimum, a history and a physical examination 
recorded. The autopsies likewise were not studied with equal care. 
While in the earlier cases important tuberculous lesions were not missed, 
it is likely that minor ones were; for this reason 144 of the more recent 
autopsies, more completely reported, are separately considered. 


CLINICAL MATERIAL 


Race, Sex, and Age Incidence: Table 1 shows that of 15,431 Chinese 
in-patients, 1,248, or 8 per cent, showed clinical tuberculosis, while of 
3,548 non-Chinese only 59, or 1.6 per cent, were so diagnosed. Of the 


1From the Department of Medicine, Peking Union Medical College, Peking, China. 
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latter 59, 45, or 76 per cent, were of the pulmonary type, while of the 
1,248 Chinese tuberculosis patients only 642, or 51 per cent, were pul- 
monary. The sex-ratio is practically that of the hospital population, 
but the ratio of tuberculosis patients between the ages of 15 and 34 
inclusive to the total number of hospital patients of this age period is 
63 to 47. In the same age-group the ratio of patients with pulmonary 
tuberculosis to the total number of patients within the same age-period 
is 70 to 47. 

Table 2 gives more details regarding in-patients and includes out- 
patients also. During the two years covered by the out-patient cases 
the total number of new cases registered was 39,385. Since the table 
shows the number of Chinese tuberculosis out-patients to be 1,815, 
the incidence is 4.6 per cent or slightly more than half that among the 


TABLE 1 
Race, sex, and age incidence of tuberculosis among in-patients 


TOTAL 

PULMO- NON-PULMO-| TUBERCU- 
NARY NARY LOUS 

IN-PATIENTS 


Chinese 642 606 
Non-Chinese 45 . 14 
418 356 
269 264 
484 346 


Chinese in-patients. Less complete diagnostic studies explain in part 
this difference; another factor is that certain types of disease, such as 
venereal, contagious, and psychopathic, were not admitted as in- 
patients. Seventy per cent of all tuberculosis patients in table 2 and 
75 per cent of the pulmonary cases are within the 15 to 34-year period. 
A relatively higher incidence in the earlier age-periods is seen in the 
meningeal and acute miliary forms. (These two groups of course are not 
mutually exclusive, especially as to the cases in which autopsy was not 
performed.) 

The native province, usually, but not always, in China synonymous 
with the birthplace, was recorded for the pulmonary in-patients. This 
showed that less than half the patients came from Chihli province (in 
which Peking is situated) and that all the provinces, including Mongolia 
and Tibet, were represented. As no similar data are available regarding 
the hospital patients as a whole, the above record merely corroborates the 


| 
| 
TOTAL 
NUMBER OF 
IN- 
PATIENTS 7 
1,248 
59 
774 
533 
830 
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known facts that Peking is a cosmopolitan centre and that tuberculosis 
is spread throughout China. 

Occupational Incidence: In explanation of table 3, the large number of 
soldiers will surprise only those who have not had medical experience 


TABLE 2 
Race, sex, and age incidence of tuberculosis among in-patients and out-patients 


SUBDIVISIONS 


SUPERFICIAL 
LYMPH NODES 
INTESTINES 
PERITONEUM 
URINARY 
MENINGES 
MISCELLANEOUS 


BONES AND 
JOINTS 
GENITO- 


Chinese 


on 

wun 

wm 


bo 
& 
bdo 


Non-Chinese 


WwW 
wm 


0-4 years 


5-14 years 


15-34 years 


35-49 years 


23 


1,579} 645 | 494 | 150} 90] 38] 31} 23) 84 


in China. During the years under review there have always been armies 
in or near Peking. Because their own medical organization is usually 
inadequate they are frequent attendants at our clinics. Perhaps a 
majority of the cases under ‘‘Miscellaneous” are apprentices of one sort 
oranother. These are uniformly subjected to long working hours under 


4 | 
n 
In 45) 5| 2 59 
In | 91 | 127] 40 774 
1,375 
In | 269} 70/113] 29] 15} 4] 10] 9] 14] 533 
d In 25} 14/ 11| 2 4} 1| 1/1 68 | 
Out! 7 6] 11] 2 5 31 
In 65} 48} 65] 8| 3] 6] 6| S| 8] 214 
Out | 40) 47| 44] 20/ 1] 6] 2 1| 161 
In | 88/133] 41| 36] 8] 13] 6] 21] 830 
Out | 703] 386 | 168] 56| 26] 14 37 |1,390 
In 70| 27| 15] 1] 1] 1] 4] 142 
| Out | 119) 38] 23] 3] 8] 2 11} 204 
In 43} 3] 2 53 
DOF Out = 7 8 1 1 1 A 
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bad hygienic conditions. Of the 2,836 patients whose occupation is 
known 797, or 28 per cent, were students. The proportion of students 
registered to the total number registered is not known, but it is not mere 
conjecture to assert that tuberculosis among students in China is dis- 
proportionately frequent. Until recent years school authorities have 
shown little interest in maintaining and improving the health of the 
students under their care, and it is commonly agreed that this indiffer- 
ence has been reflected in a high incidence of tuberculosis among the 
students. 


TABLE 3 
Incidence of tuberculosis by occupations 


OCCUPATION 


SUPERFICIAL 
LYMPH NODES 
BONES AND 
INTESTINES, 
PERITONEUM 
GENITO- 
URINARY 
MENINGES 
MISCELLANEOUS 


797 
388 
298 
282 
213 
129 
119 

92 
80 
72 
62 

304 

298 


Student 447 
Housewife 180 
171 
82 
109 
97 
Coolie 76 
Domestic servant 44 
Artisan 52 
35 
53 
125 
108 


CoO 

Ww 


38 | 31 23 


i=) 


1,579 3,134 


Distribution of Lesions: Table 4 is prepared to show the frequency of 
more than a single lesion, as diagnosed clinically. Naturally these were 
more numerous in cases of pulmonary tuberculosis than in cases with 
lesions of the superficial lymph nodes, which usually mean an earlier 
stage of infection. In the table the four vertical columns have at the 
top the primary diagnoses and the total number of such diagnoses. The 
primary diagnosis here refers to the principal condition which brought 
the patient to the hospital. The number of secondary or additional 
nonpulmonary lesions is strikingly large. 

The associated diseases were also noted. Without tabulating these it 
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may be stated that the most frequent were acute and chronic infections, 
including syphilis, the dysenteries, kala azar, and respiratory infections. 


Frequency of multiple tuberculous lesions by organs 


SUPER- 
FICIAL 
LYMPH 
NODES 


BONES AND 
JOINTS 


INTESTINES, 
PERI- 
TONEUM 


150 


Peritoneum; mesenteric lymph nodes 
Intestines 

Superficial lymph nodes 

Bones and joints 

Genitourinary 


Miliary 
Pericardium 


21 
21 


Incidence of known tuberculosis in other members of the household 


TYPE OF DISEASE 


SUPER- 
FICIAL 
LYMPH 
NODES 


BONES AND 
JOINTS 


INTESTINES, 
PERI- 
TONEUM 


645 


494 


150 


Brother 

Sister 

Married partner 
Other occupant 


8 
15 


9 


1 


35 


27 


Possible Contacts: In taking the histories an effort was made to elicit 
evidence of possible contacts in the household. Table 5 shows the 
results. It is to be noted that a considerably larger proportion of 


TABLE 4 || 
it 
Total primary diagnoses......................| 1579 645 494 || | 
18 7 
105 25 1 
5 11 1 i 
Total secondary diagnoses....................| 991 145 124 87 } 
TABLE 5 | 
LUNGS 
49 6 3 ; 
27 6 | 1 
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pulmonary cases gave a history of the disease in other members of the 
household than was the case with nonpulmonary forms. 

Distribution of Pulmonary Lesions: Now confining our attention to 
the pulmonary cases, table 6 shows their distribution by lobes. The 
diagnoses of the in-patients were all based upon X-ray as well as upon 
physical examination. In the case of the out-patients X-ray was also 
used freely, and when this was omitted errors in diagnosis probably were 
those of omission rather than those of including false positives or more 
lobes than were diseased. In the table the middle lobe is considered as 


TABLE 6 
Distribution of lesions by lobes 


REGIONAL INVOLVEMENT IN-PATIENTS OUT-PATIENTS 


Right upper only 73 204 


Right lower only 8 
Right upper and lower 23 
Left upper only 

Left lower only 

Left upper and lower 

Right upper and left lower 

Left upper and right lower 

Both uppers 

Both uppers and one lower 
One upper and both lowers 
Both lowers only 

All lobes 

Hilum only 

Hilum and upper 

Hilum and lower 

Hilum and both upper and lower 58 
Unclassified 58 


1579 


part of the right upper lobe. Of the 1,521 classified cases it is seen that 
852, or 56 per cent, showed lesions in more than one lobe. A discouraging 
feature of clinical work in tuberculosis in China is that so many patients 
have become very seriously, if not hopelessly, ill before coming to the 
clinic. 

Classification of Pulmonary Cases: The classification of pulmonary 
cases, “based upon that of the American Sanatorium Association, is 
shown in table 7. The term “subclinical” is reserved for those patients 
who show X-ray evidence of tuberculosis, past or present, but who during 
the brief period under observation showed no symptoms of active disease. 


TOTAL 

| 277 
| | 892 
i 
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Certain of the pulmonary cases were observed for more than six 
months and the final classification of these is shown in table 8. As 
these are not selected but include all that were followed for six months 
or more, the high percentage of “‘arrests” secured in the minimal cases is 
worthy of note. 

Results of Sputum Examination: Table 9 shows that a high proportion 
of the sputa examined contained tubercle bacilli. Of 843 examined 
468, or 55 per cent, were positive. In the remaining 736 of the pul- 
monary cases the sputum was not available for examination. The 


TABLE 7 
Classification of pulmonary in-patients 


ON ADMISSION 


159 
215 
211 Quiescent 
102 Arrested 
Subclinical 


687 


TABLE 8 
Final classification of pulmonary in-patients observed for more than six months 


ORIGINAL FAR MODERATELY 


11 15 31 
13 60 


Quiescent 13 35 
Active 23 53 


64 179 


sputum of in-patients was examined routinely more than once, but this 
was not always possible with out-patients. The findings in this table 
are not surprising in view of those in table 6, which show extensive 
disease in the majority. 

Chief Complainis: The 1,579 patients with pulmonary lesions gave the 
following symptoms as their chief complaints: Cough 852, haemoptysis 
388, fever 203, abdominal pain or swelling 150, thoracic pain 84, diarrhoea 
70, loss of weight 66, loss of strength 56, anorexia 29. The proportion 
of patients induced by blood-spitting to consult the physicians of our 
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clinic seems surprisingly large unless one knows that this symptom is 
much dreaded by the Chinese. Loss of weight or strength, on the other 
hand, is often not noted by the Chinese, and so figures unimportantly as 
a subjective complaint. 


TABLE 9 
Results of 843 sputum examinations for tubercle bacilli 


POSITIVE 


In-patients 


Far advanced 91 
84 


17 


Unclassified 42 
Out-patients 
Unclassified 234 


468 


TABLE 10 
Distribution of lesions in bone qnd joint tuberculosis 


IN-PATIENTS OUT-PATIENTS 


27 
29 
27 
32 

8 
72 
17 
10 


Miscellaneous 
Less duplications 


Distribution of Nonpulmonary Lesions: Turning to tuberculosis of 
regions other than the lungs, the total figures referred to below may be 
seen in table 2. Tuberculosis of the superficial lymph nodes was the 
main diagnosis in 645; 544 of these were cervical, 64 axillary and 83 in 
other regions. The diagnosis was confirmed by biopsy in 83 of the 161 


| | 
a 
| 
| NEGATIVE 
26 
78 
21 
141 
i TOTAL 
58 90 
i 2 10 
1 22 23 
i 29 18 47 
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in-patients. Of the 484 out-patients, 321 showed broken-down tissue, 
with or without ulceration of the skin. In addition to clinical evidence 
in these out-patients, biopsy, guinea-pig inoculation, smear examination, 
sterile culture of aspirated pus, confirmed the clinical diagnosis in 53. 
Blood Wassermann tests were done on all in-patients and on out-patients 
when indicated. 

The distribution of tuberculosis in bones and joints is shown in table 
10. In diagnosing these lesions the X-ray was used in the cases of all 
but 10 of the in-patients and in 136 of the out-patient cases. Labora- 
tory procedures were used to supplement the findings in several instances. 

The 54 cases, in which the main diagnosis was tuberculosis of the 
genitourinary tract, showed lesions distributed as follows: epididymis 
26, testicle 17, spermatic cord 14, seminal vesicles 6, prostate 8, urethra 1, 
bladder 13, ureter 4, kidney 11, uterus 6, fallopian tube 8, ovary 6. The 
diagnosis was made upon clinical data, supplemented by histological 
examination in 28, cystoscopy in 7, exploratory operation in 3, guinea- 
pig inoculation in 3, autopsy in 2. 

The diagnoses of lesions tabulated in other columns of table 2 were 
made with reasonable care. In the case of many out-patients the clinical 


picture determined the diagnosis, and certain errors were inevitable. 


AUTOPSY MATERIAL 


Incidence of Tuberculosis: The autopsies included in this study were 
the first 500 performed at this hospital. Of these, 168, or 33.6 per cent, 
roughly one-third, showed tuberculous lesions, active or healed. Com- 
prising the 500 were 441 Chinese and 59 non-Chinese. Of the Chinese, 
152, or 34.4 per cent, were tuberculous, and of the non-Chinese 16, or 
27.1 per cent, were tuberculous. If from each group we eliminate all 
subjects under the age of one month, none of whom was found tuber- 
culous, the remaining 391 Chinese and 44 non-Chinese showed evidence 
at autopsy of tuberculosis, respectively, in 38.8 per cent and 36.3 per 
cent. While this indicates practically the same incidence of infection in 
the Chinese and non-Chinese, as judged by autopsy data, the severity 
of the disease in the two groups is quite different (table 11). Here it is 
apparent, whether the infants are eliminated or not, that tuberculosis 
as a cause of death is much more common, according to our records, 
among Chinese hospital patients, than among non-Chinese. 

Tuberculosis was a secondary diagnosis of more or less importance in 
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61 Chinese and 9 non-Chinese, and was an incidental finding in 24 Chinese 
and 3 non-Chinese. 

Types of Lesion: As to types of lesion, 121 were chronic, 21 acute, 8 
subacute and 18 both acute and chronic. As regards anatomical 
activity, 62 were considered healed, 31 healing and 75 active. 

Gross and microscopic study of the autopsy material showed the 
following types of pulmonary lesions (often more than one type was 
present in the same case): Chronic: Cavity 30, caseous tubercles 32, 
conglomerate tubercles 19, scattered tubercles 17, healed and calcified 
lesions 62. Acute: Miliary 13, caseous pneumonia 23. 

The extrapulmonary lesions were located as follows: Tracheo- 
bronchial lymph nodes 94, mesenteric lymph nodes 45, liver 41, small 
intestine 35, spleen 27, kidney 23, retroperitoneal lymph nodes 21, 


TABLE 11 
Incidence of tuberculosis as the cause of death in Chinese and non-Chinese 


CHINESE NON-CHINESE 


Total number of autopsies 441.0 59.0 
Number of autopsies, age more than 1 month 391.0 44.0 
Tuberculosis the primary anatomical diagnosis or ulti- 
mate cause of death ‘ 4.0 
Percentage of total autopsies in which tuberculosis is 
cause of death F 6.7 
Percentage of autopsies in patients over age of 1 month in 
whom tuberculosis is cause of death z 9.0 


large intestine 20, peritoneum 20, pleura 17 (though the pleural surfaces 
were found adherent in 93 of the tuberculous cases), mediastinal lymph 
nodes 16, meninges 15 (in 31 of the tuberculous cases the brain was not 
examined), cervical lymph nodes 13, thyroid 6, urinary bladder 6, 
adrenals 5, brain substance 5, bone marrow 5, larynx 4, pericardium 4, 
vertebrae 3, myocardium 3, prostate 3, and 20 other locations with 
1 or 2 each. 

An interesting finding was made in two Tibetan servants of the Panshen 
Lama who had come to Peking some months previously, having spent 
their lives on the sparsely settled Tibetan plateau. These patients died 
of rapidly progressive pulmonary and generalized tuberculosis, and in 
neither was there evidence at autopsy of calcified or healed tuberculous 
lesions. 

To revert to the 71 cases in which the primary anatomical diagnosis 
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was tuberculosis, these cases were classified according to chronicity as 
follows: Chronic 41, acute 7, subacute 7, chronic and acute 16. The 7 
acute cases included 5 with miliary or meningeal tuberculosis. In 
table 12 it is seen that 45, or 68 per cent, showed the most prominent 
lesions in the lungs. Pulmonary lesions, however, were noted in all 
but 15 of the 71, that is, in 79 per cent of those dying of tuberculosis. 
Of the 66 patients whose ages were known 52 per cent were between the 
ages of 15 and 34, whereas of the total 1,307 tuberculous in-patients 63 
per cent were in this age-group. More deaths were recorded for the 
20-39-year period than for the 15-34-year period. 


TABLE 12 
Distribution by age-groups and by regions of tuberculosis causing death 


MENINGES 
AGE GROUP LUNGS PERITONEUM | VERTEBRAE OR INTESTINES | TOTAL 
NODES MILIARY 


i- 4 2 
5- 9 
10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 


UW OOO PD OO 


> 

on 
nN 


Total... 


Attention was given in the last 144 autopsies of Chinese to the presence 
or absence of calcified lesions in the body. Of these 144, 26 died of 
tuberculosis and 9 others showed active tuberculous lesions. More- 
over, 34 were stillbirths, or newborn babies. Eliminating these, there 
remain 75 autopsies of Chinese without active tuberculosis in whom 
theoretically there had been time during life for tuberculous lesions to 
calcify. Of these 75, 22, or 29.3 per cent, showed such calcified areas, 
16 of the 22 being in the lung substance. This figure of 29.3 per cent is 
considerably lower than that of Ophiils (1), who, in 3,000 autopsies, 
mostly among unskilled laborers, noted 42 per cent with healed tuber- 
culous lesions. It is very much lower than figures given by Opie (2). 
Of course the individualities of pathologists must be taken into con- 
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sideration, as they do not all search for healed tuberculous lesions with 
the same care or interest. 


OTHER ORIENTAL DATA 


It is difficult to find comparable data in other studies, but a few notes 
on findings elsewhere in the Orient may be of interest. 

Philippine Islands: Callender and Hall (3), working in Manila, 
state that 10 per cent of 10,000 autopsies showed tuberculosis. But 
these writers add that during their stay of one and a half years they did 
200 autopsies and that, except in children of the lower ages, they found 
tuberculosis in all. They state that tuberculosis is two and a half times 
as common among Filipinos as among Americans, but that it is usually 
chronic and pulmonary in type, as one would expect in a highly tuber- 
culized community. Most of the deaths are in the 40 to 49-year-old 


group. 
India: Tuberculosis among the people of India is apparently strikingly 
different. Powell (4) reports that in over 800 autopsies of Indians in 


only 2 to 3 per cent were there healed or chronic tuberculous lesions in 


the lungs. He states that tuberculosis in the Indian is much more 
acute than in the European and that recovery seldom occurs. Muthu 
(5) also says that pulmonary tuberculosis runs an acute course among 
Indians and that it is usually fatal within six months. 

Japan: As for Japan, Takano (6) is authority for the statement that 
the highest percentage of deaths from tuberculosis is between the ages 
of 15 and 24 inclusive, the number diminishing in both directions from 
this age period. He gives the average death-rate from tuberculosis in 
1920 as 23.11 per 10,000, and in cities of more than 50,000 as 36.09 
per 10,000. This probably shows that the cities, in their health meas- 
ures, have not kept pace with the increased chances for heavy infection 
or with the lowered resistance of their populations. 

It is clear that tuberculosis is common and fatal in Oriental countries. 
It seems clear also that all are well tuberculized, but it is not so clear as 
to what is the relative importance of racial resistance on the one hand 
and environment on the other. 


EVALUATION OF DATA AND CONCLUSIONS 


Facts are here assembled which show an excessive amount of tuber- 
culosis among the Chinese. When one allows for the large number of 
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persons who have tuberculosis but who are not made ill enough by it 
to induce them to visit hospitals, the hospital incidence shown is certain 
to be conservative. The type of disease is chiefly chronic; it is most 
common in adolescent and early adult life; and it seems to cause death 
most often at those periods. The disease is slightly more apt to present 
itself clinically in the lungs than elsewhere, but there is a surprisingly 
large number of nonpulmonary cases and of secondary nonpulmonary 
lesions. Tubercle-bacillus bacteriaemia must be common among the 
Chinese and must frequently exist to such a degree that local resistance 
is overcome. Whether decreased tissue resistance is a necessary infer- 
ence is another question. The large proportion of nonpulmonary lesions 
would suggest less native resistance than would be expected in a highly 
tuberculized people. The comparatively early age at which tubercu- 
losis causes death, according to our records, would be in accord with this 
view. Yet the chronicity of the disease among the Chinese argues for 
definite resistance. Moreover, in the writer’s experience, Chinese 
tuberculosis patients respond well when put under favorable environ- 
mental conditions; reference to the “arrests” in table 8 corroborates this. 
It is the writer’s opinion, based upon many years of clinical experience 


in China, that bad environmental conditions are chiefly responsible for 
the excessive mortality from tuberculosis among the Chinese. More 
specifically he is inclined to agree with Scott (7) that these environ- 
mental factors are chiefly crowding, the expectoration habit, and eating 
from a common bowl. 
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THE RELATIVE INCIDENCE OF CALCIFIED LESIONS IN 
THE TRACHEOBRONCHIAL, CERVICAL AND 
ABDOMINAL LYMPH NODES! 


F. H. FRASER 


The frequent occurrence of tuberculosis of the mesenteric lymph 
nodes in childhood has been repeatedly emphasized by clinical investi- 
gators. It is difficult, however, to obtain a definite idea of its incidence 
otherwise than from autopsy figures. From these, Opie (1) has es- 
timated the incidence of obsolete mesenteric lesions in this country at 
probably not more than 5 per cent. 

Calcification, as shown by X-ray, seems to be the most satisfactory 
evidence of its presence in the living subject, although tuberculous nodes 
do not necessarily contain calcium. In Dunham and Smythe’s (2) 
series of 120 children, 17 per cent had radiologically demonstrable 
mesenteric adenopathy. Rupprecht (3), using a pneumoperitoneal 
technique, reported abdominal tuberculosis in 78 of a series of 105 cases 
having signs or symptoms of this condition. He does not state the 
number of cases in this group showing involvement of the lymph nodes; 
but in another series of 28 children having a pulmonary nodule, tracheo- 
bronchial lesion, or slight nonprogressive parenchymatous infiltration, 
he was able to find only one case of mesenteric calcification by this 
method. 

The cervical nodes are another common site of tuberculous lesions. 
Although freely accessible to physical examination, the frequent occur- 
rence of nontuberculous enlargement in this situation may give rise to 
uncertainty in diagnosis, and makes the demonstration of calcium by 
X-ray desirable for confirmation in some instances. Here also there 
may be extensive involvement without calcification, as in several of the 
cases reported. (Table 2.) 

The present study was made in order to obtain some idea of the number 
of cases of mesenteric or cervical tuberculosis as compared with the 
number of cases of tracheobronchial tuberculosis. It was hoped that 


1 From the Henry Phipps Institute of the University of Pennsylvania. 
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the information might be gained as to whether cervical and mesenteric 
calcified lesions were more common among children with calcified tracheo- 
bronchial glands than those without; also whether tuberculous cervical 
and mesenteric nodes were more frequent in childrenin contact withopen 
tuberculosis than in those less exposed to infection, as has been shown 
to be true for tracheobronchial lesions (4). 


TABLE 1 


NUMBER WITH 

TOTAL FOR CERVICAL OR 
SERIES ABDOMINAL 

LESION 


Contact with tuberculous patient; sputum positive 81 
Contact with tuberculous patient; sputum negative 32 
All members of family negative to X-ray 24 
All members of family not examined 14 


Tuberculin Reaction 


Positive 
Negative 
Not tested 


Tracheobronchial lesion 
Parenchymatous infiltration 
Primary pulmonary nodule 
Interlobar pleural line 
Negative 


Nutrition 


Above average weight for age and height 
Average for age and height 

Below average for age and height 
Nutrition not determined 


A series of 151 children was studied. The majority of these belonged 
to families in which all the members had had physical and X-ray examina- 
tions. Nineteen children were colored. The average age was 10 years, 
3 months. Sensitiveness to tuberculin was determined by the intra- 
cutaneous injection of 0.01 mgm. O.T. followed by doses of 0.1 mgm. 
and 1 mgm. when no reaction occurred. Roentgenographs of the chest 
were made in all cases. The appearances termed “tracheobronchial” 
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lesions conformed to McPhedran’s description (5). Interlobar pleural 
lines, which were noted in a number of cases, were probably due to 
tuberculosis in some instances, although there is little doubt that some 
were of nontuberculous origin. 

Table 1 shows the distribution of cases of cervical or abdominal 
calcification in relation to domestic contact, tuberculin reaction, pul- 
monary lesion, and nutrition. The first column of figures represents 
the total number of cases in the series, the second the number of sub- 
jects with cervical or abdominal lesions in this group. 

Of those reacting positively, 12 subsequently became negative to 
tuberculin. In the tracheobronchial group, 6 had parenchymatous in- 
filtrations as well. Of those with a pulmonary nodule, 5 also had an 
interlobar line. 

The technique used for abdominal examination was similar to that 
used by Dunham. A posteroanterior film was taken at 50 inches with 
110 volts and 4.35 ampere filament-current giving a 5-inch spark gap 
and 30 m.a. The time varied from 0.65 to 1.35 seconds according to the 
size of the subject. 

In positive or doubtful cases the posteroanterior exposure was re- 
peated at a later date with additional lateral exposures. Unless there 
was a characteristic, sharply defined irregular density in the same area 
in both posteroanterior and lateral films taken on different occasions, 
the case was considered negative. 

The same technique was used for cervical exposures, the time being 
0.45 to 0.85 seconds. Usually a single anteroposterior film was taken 
with the subject’s head tilted back, so that the shadow of the chin was 
superimposed on the shadow of the occiput. This exposure was supple- 
mented in doubtful cases by exposures with the head turned sharply to 
the right or left, both shoulders still touching the cassette. Purely 
lateral exposures were less satisfactory. 

Two subjects were found to have calcified cervical lesions; two had 
abdominal lesions; the remaining 147 cases were negative. All four 
reacted positively to 0.01 mgm. O.T. The chest was negative for in- 
filtration, tracheobronchial lesion and nodule in each case: in one an 
interlobar line was present. Except for swelling and tenderness in the 
two cervical cases, there were no symptoms referable to the condition; 
the abdomen was negative to physical examination in both cases showing 
mesenteric nodes. None of the four had fever. Three were overweight, 
and one 12 per cent underweight. In one case there was contact with 


i 
q 
4 | 


CALCIFIED LESIONS IN LYMPH NODES 339 


a tuberculous parent with negative sputum; in one there was probable 
exposure; in one there was no contact; and in one, although all the 
members of the family were not examined, there was no indication that 
any of them had tuberculosis. 

All the children with tracheobronchial lesions had negative cervical 
and abdominal films. Although their number is extremely small, the 
few cases with cervical and abdominal lesions suggest that they may be 
due to some source of infection, such as milk, rather than contact with 
sputum-positive tuberculosis since, in children exposed to the latter type 
of infection, there is a great preponderance of tracheobronchial lesions. 


1: Sg. E.; age 11 years; white; female; under observation since 1922. 1922 
and 1923: Physical examination negative. 1925: Mitral stenosis; enlarged 
tonsils. 1926 (September): Tonsillectomy. 1927 (March): Enlarged cervi- 
cal node, present several years, increased in size and became tender; nutrition 
103 per cent; no fever; tuberculin + to 0.01 mgm. X-ray of chest and 
abdomen: Negative. X-ray of neck: Calcification 12 x 20 mm., right, at 
level of 2nd cervical vertebra. 1927 (May): Lymph node larger since March; 
now about the size of a plum, soft and moderately tender. Throat swab and 
guinea-pig inoculation: Negative. Lymphadenectomy performed. Micro- 
scopical examination: Extensive fibrosis, very numerous large tubercles with 
necrotic centres. One area shows numerous small calcium deposits. 1927 
(September): X-ray of neck: Calcification present at original site but less in 
amount. Contact: Mother, positive by X-ray and physical signs; sputum 
negative. 


2: Zr. S.; age 12 years, 8 months; white; female; frst under observation, 1927. 
Tonsillectomy, 1925. Physical examination: Marked cervical adenitis with 
scar; nutrition 110 per cent; no fever; tuberculin + to 0.01 mgm. X-ray of 
chest: Interlobar line; otherwise negative. X-ray of abdomen: Negative. 
X-ray of neck: Sharply defined calcified area, 12 x 20 mm., at level of 2nd 
cervical vertebra (fgure 1). Contact: Father died, 1925; probable cause 
pneumonia. Mother, tracheobronchial calcification; no parenchymatous 
lesion. Older sister, latent apical infiltration. Younger sister, pulmonary 
nodule. Two others negative. 


3. Fr. R.; age 7 years, 10 months; colored; male; first under observation, 1925. 
1925: Pneumonia; tonsillectomy; tuberculin ++ 001 mgm.; nutrition 83 
per cent. 1926: Slight cough and expectoration at intervals; rales at right 
base twice. 1927 (January): Physical examination negative; tuberculin 
+ 0.01 mgm. (July): Physical examination: Enlarged posterior cervical 
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nodes; chest and abdomen negative. Tuberculin + 0.01 mgm.; nutrition 
88 per cent; no fever. X-ray of chest and neck negative. X-ray of abdomen: 
Calcified area, 15 x 20 mm. at 4th lumbar vertebra (figure 2). Contact: 
Both parents and two brothers negative to X-ray. 


4: Cr. J.; age 11 years, 2 months; white; female; first under observation, 
1924. 1924, 1925 and 1927: Occasional cough, probably due to acute 
respiratory infection. Physical examination: Negative; nutrition 105 per 
cent; tuberculin + to 0.01 mgm. in 1925, +-+ to 0.01 mgm. in 1927. X-ray 
of chest and neck: Negative. X-ray of abdomen: Irregular densities, 15 x 
20 mm. and 7 x 7 mm., at level of the 4th lumbar vertebra. Contact: Parents 
not examined. There is no indication that any member of the family has 


tuberculosis. 


Several children with signs or history of cervical adenitis were negative 
by X-ray examination. In table 2 the last two were examined because 
of the visibly enlarged lymph nodes but are not included in the series 
because of their greater age. In this table half the patients are colored, 
whereas only 19 of the total number are colored. In addition to those 
listed in the table, 59 subjects had enlarged nodes at the time of ex- 


amination. One had marked (visible) enlargement, 28 moderate en- 
largement (about 1.5 cm. or over), and 32 slight enlargement. There 
was tonsillar enlargement in 40 cases, 18 without and 22 with enlarge- 
ment of the cervical nodes. Tonsillectomy had been performed in 38 
cases. 

In the whole series there were 6 patients with symptoms referable to 
the abdomen. Two had abdominal pain, two nausea and vomiting, one 
nausea only, and one constipation with abdominal distention. Two had 
fever, one a pulmonary infiltration, and one a tracheobronchial lesion. 
No abnormality was noted on abdominal palpation. Four were in con- 
tact with open tuberculosis, one with a case in which the sputum was 
negative, and in the remaining subject the exposure was not known; all 
had positive tuberculin reactions. There is no indication that any of 
these symptoms were due to tuberculosis. Still, in view of the exposure 
and positive tuberculin reaction, as well as Dunham and Smythe’s 
higher figures in clinical cases, periodic reéxamination would be desirable, 
since it is probable that calcification requires a considerable time to 
appear, as has been found true of tracheobronchial] lesions (4). 

The small number of cases showing abdominal calcification, as com- 
pared with that in Dunham and Smythe’s series, may be due to a dif- 
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ference in the severity of the associated lesions. This explanation is 
suggested by the fairly high proportion of their positive cases which 
suffered from diffuse pulmonary or other tuberculous lesions in addition 
to mesenteric lymphadenitis. 


SUMMARY 


1. One hundred and fifty-one children, including 31 with tracheo- 
bronchial lesions, were X-rayed for calcified lymph nodes in the neck and 
abdomen. 

2. Two cases with cervical calcium were found; four had cervical 
tuberculosis without demonstrable calcium. 

3. Abdominal calcified nodes were present in two <ases without signs 
or symptoms. 

4, All roentgenographically positive cases reacted positively to tuber- 
culin and were without pulmonary lesions. 
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THE INCIDENCE OF ROENTGENOGRAPHICALLY 
OBSERVED CALCIFIED PULMONARY FOCI 
AND THEIR SIGNIFICANCE 


A Study of 1034 Patients! 


JOHN T. FARRELL, Jr. 


Calcified pulmonary foci are due to tubercles which have undergone 
calcification and occasionally to phleboliths or broncholiths. The 
tubercle may be that of the initial invasion, the primary A ffekt of the 
Germans, or one of a later development, the adult type of clinical tuber- 
culosis. Each has certain characteristics which serve to distinguish it 
pathologically and to a lesser extent roentgenographically. 

The first infection, the primary A ffekt, is characterized by its onset in 
childhood; its lack of pronounced symptoms; its situation, occurring as 
it does, subpleurally and as frequently in the lower as in the upper lobes; 
and, more striking than any of these, is the response it evokes in the 
lymph nodes distal to it. All these serve to differentiate it from clinical 
pulmonary tuberculosis of the adult type. 

In 1876 Parrot (1) formulated Ja lot des adenopathies similaire before 
the Société de Biologie at Paris. Briefly, it was that no infection occurs 
in the lung of a child without setting up a response in the draining 
lymphatics. He called the tracheobronchial nodes the mirror of the 
lungs: and contrariwise he argued that no infection of these nodes could 
occur without there having been a preceding pulmonary infection. 
Parrot applied the law to other diseases as well as to tuberculosis. 
Hervouet asserted that in a series of 145 autopsies, performed on children 
dead of tuberculosis, Parrot always found a lung focus in those in whom 
there was tuberculous tracheobronchial adenitis. 

Koch (2) demonstrated that, when tubercle bacilli are injected sub- 
cutaneously into a guinea pig free from the disease, a tubercle develops 
at the site of the inoculation with marked response in the draining lym- 
phatics, and that in susceptible animals there is a generalization of the 


1 From the X-ray Department, Jefferson Hospital, Philadelphia, Pennsylvania. 
2 Read before the College of Physicians, Philadelphia, March 7, 1928. 
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process leading to death. He also observed that, when a second inocu- 
lation is given an animal suffering from the first infection, the life of the 
animal is prolonged by the chronic course of the disease. He noticed 
too that the second infection produced no change in.the lymphatics. 

Ghon (3) exhaustively studied the primary complex as seen at autopsy 
in 184 tuberculous children. In his remarkable text he quotes Kiiss 
(4), to whom he credits the description of the lung focus of the primary 
complex, as being a single tubercle situated subpleurally and varying in 
size from a millet-seed to a cherry. Ghon and Kiiss both say that there 
may be multiple lung foci, and that the focus may lie well in the centre 
of the lung. Associated with this primary pulmonary tubercle there is 
tuberculous disease of the draining lymphatics, both of the nodes in the 
lung and those in the tracheobronchial groups. Ghon, Kiiss, E. Al- 
brecht (5), Foedisch (6), Naegeli (7), and Winkler (8) all emphasize the 
smallness of the pulmonary focus compared with the extensive lymphatic 
nodal change. According to Ranke’s (9) definition, the primary lung 
focus and the secondarily infected lymph nodes constitute the primary 
complex. 

That the lung focus is primary and the lymphatic disease a sequence is 
disclosed by section, when the process in the nodes is found to be younger 
and of a less advanced stage. To look upon the lymphatic change as 
primary and the lung focus as secondary would be to argue for retrograde 
infection, a most unlikely condition since the lymph-flow is away from 
the lungs and toward the nodes. The triangular distribution of the 
lesions as disclosed at autopsy, with the apex at the lung focus, likewise 
argues against such a possibility. 

Opie (10) further strengthens the view that the first infection alone is 
responsible for the lymphatic involvement by his findings in autopsies 
performed on British soldiers in France. In one of every four of these 
young adults examined there was tuberculous disease of the mesenteric 
lymph nodes, varying from fresh caseation to marked calcification. In 
all of them focal calcification was absent or scant, even though some of 
the subjects showed apical pulmonary tuberculosis of the adult type. 
The primary intestinal lesion was only infrequently demonstrated, 
because as it had developed it had broken into the lumen of the bowel 
and had been expelled. In this country bovine tuberculosis is less 
common than in England, and tuberculous mesenteric adenitis is also 
relatively rare because here the first inoculation is due to the inhalation 
of air-borne bacilli and takes place in the lung, rather than in the intes- 
tine as is so often the case in England. 
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In a susceptible child, or with a large dose of virulent tubercle bacilli, 
the tuberculous process may progress by direct extension and lead to a 
bronchogenous dissemination of the disease. It may invade a blood- 
vessel, and end in ahaematogenously disseminated tuberculosis: or, again, 
because of the inability of the tracheobronchial nodes to limit it, it may 
be lymphogenously spread throughout the body. 

Fortunately, since Opie (11) and Puhl (12) have indicated the almost 
universal existence of the primary complex, the disease does not termi- 
natein this manner. Ghon noticed a gradual decrease in the progressive 
cases from the first to the fourteenth year, with evidences of healing 
increasing with the age. According to Opie (13), in the first two years of 
life there is almost no tendency to heal; the lesion on the contrary is 
progressive and tends to spread by caseation. In the great majority of 
cases the resistance of the individual is sufficient to arrest it; the pul- 
monary focus and the secondarily diseased tracheobronchial nodes be- 
come indurated; calcification takes place and usually, according to Puhl, 
the process ossifies, producing a laminated bone with canaliculi and often 
a marrow-cavity. 

This course of the first infection in children has been ably shown by all 
the early investigators, Ghon, Kiiss, H. Albrecht (14) and Most (15). 
E. Albrecht applied it to adults, and Opie and Puhl studied the primary 
complex, in not only those dead of tuberculosis, but also in children and 
adults who had died of other causes. 

In contrast to the tubercle of the primary complex the tubercle of 
reinfection offers certain characteristics. It occurs usually after 
adolescence; if sufficiently large and active or in a susceptible individual 
it has a train of more or less distinctive symptoms; it is usually apical 
and central, that is, removed from the pleura;.and it evokes no lymphatic 
response. Subsequent to caseation, with extensive and progressive 
healing, calcification may take place, and thus are produced the fibrous 
encapsulated apical tubercles so often seen at autopsy. 

Puhl distinguishes macroscopically and microscopically between the 
primary focus (figures 1, 2 and 3) and the focus of reinfection (figures 
4 and 5). He found the tubercle of the primary complex to be round, 
with a fairly even wall setting it off from the sound lung tissue and a 
quite round zone of necrotic material. Histologically, the central zone 
of necrosis exhibits a few remnants of nuclear debris. Radially arranged 
epithelioid cells form an avascular tissue at its periphery. Leucocytes, 
which, as Aschoff demonstrated, characterize the early stage of softening, 
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are found in this zone. Elastic tissue persists in the centre, while at the 
periphery it is absent and only recurs again in the markedly indurated 
and atelectatic lung at the extreme outside limits of the area. The 
thickening of the pulmonary tissue is most marked where the focus 
reaches the pleura; hyaline string-like masses appear between the 
epithelioid cells, kill the cells, leaving a hyaline nuclei-free capsule, 
Aschoff’s specific capsule. Because epithelioid cells do not take up dust 
well, anthracotic change is usually very slight in the capsule. Some- 
times, because of the incomplete protection afforded by the specific 
capsule against the advance of the infection, typical tubercles with giant 
cells are found within it. The specific capsule may again be surrounded 
by Aschoff’s unspecific capsule, an area infiltrated with round cells, 
chiefly lymphocytes. One therefore finds on cross-section two con- 
centric rings, the inner specific capsule of broad nuclei-free hyaline 
masses and the outer nonspecific capsule of vascular granulation tissue 
with many nuclei made up of infiltrated lung tissue; the two rings are 
usually quite distinct. 

The focus of reinfection presents a different appearance. Usually 
irregular in outline, with a correspondingly uneven centre of caseation 
running through it as a long strand, this tubercle has for its capsule a 
broad layer of anthracotic lung so constantly found as to constitute a 
characteristic of reinfection. Ninety-three per cent of these foci of 
reinfection Puhl found in the upper lobes, and many of them in the 
extreme apex. This furnishes a marked contrast to the site of the 
primary tubercle which was in the upper lobe in only 50 per cent of the 
cases and rarely at the apex. This reinfection is without an accom- 
panying reaction in the tracheobronchial nodes. 

The third source of calcified pulmonary foci is in the occasional occur- 
rence of phleboliths and broncholiths. Opie (11) avers, after the study 
of a large number of lungs at postmortem, that the incidence of these is 
so small that they may be ignored and that for statistical purposes all 
evidences of pulmonary calcification may be looked upon as of tuber- 
culous origin. That the calcification is tuberculous may be demon- 
strated by the recovery of the tubercle bacillus, in many of the still 
partially caseous foci by direct smears, and often in the more firmly 
calcified by animal inoculation. 

Opie (11), who used the X-ray in studying the primary complex at 
postmortem, grades the infection according to its extent into three grades. 
Grade I includes focal pulmonary lesions up to a millimetre in diameter, 
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with calcified response in the tracheobronchial nodes, no one of which is 
larger than 5 mm. in diameter, the total extent of the involvement being 
less than 25 sq. mm. Grade II comprises those cases with a single 
nodule or several nodules in the lung, varying from several millimetres 
to a centimetre in diameter, with response in the tracheobronchial 
nodes that may in some instances be as much as 2 cm. in diameter. 
Grade III is made up of the cases in which there are conspicuous scat- 
tered nodules in the lung substance, with large calcified lesions at the 
hilum of one or both lungs. In this grade Opie says the lesion may be 
as much as 3 cm. in diameter. 


The present study is based on the roentgen-ray examination of about 
1500 living patients referred from the wards and out-patient departments 
of the Jefferson Hospital between November, 1925, and August, 1926. 
One thousand and thirty-four examinations have been selected; those of 
whom only single films were made, repeated examinations, and the films 
of patients under fifteen years of age being omitted. No other attempts 
at limitation were made. 

The examinations have been grouped according to sex, as to the pres- 


ence or absence of roentgen evidence of adult pulmonary tuberculosis, 
and into age-groups. Fifteen years was chosen as the lower age-limit, 
and patients from fifteen to twenty years comprise the first group; the 
successive groups are by decades. 

The lower age-limit, fifteen years, was arbitrarily chosen. The 
choice was influenced by the fact that it is not possible to obtain con- 


Fic. 1. Grade I, There is a small calcified pulmonary focus in the lower half of the 
right lung, and calcified lymph nodes at the right hilum, indicated by the arrows. 

This illustration really shows the more advanced degree of grade I. Most of the cases 
which fell into this group had smaller foci, but to minimize the loss due to reproduction this 
relatively large one has been selected. 

Fic. 2. Grade II. A moderately large pulmonary focus is present in the lower portion 
of the upper half of the right lung, and calcification at the right hilum is more pronounced 
than in figure 1. 

Fic. 3. Grade III. There isa large calcified focus in the lower half of the right lung with 
extensive calcification at the hilum. 

Fic. 4. Calcified foci with the characteristics of reinfection; they are apical and multiple. 
Hilum calcification is not recognizable. 

Fic. 5. Calcified foci with the characteristics of reinfection; they are apical, multiple and 
bilateral. On the original film it was possible to recognize fibrotic change, indicated by 
the arrow, in the upper half of the left lung. There is some calcification at the right hilum, 
but it is impossible to say that any particular pulmonary focus is the primary focus of the 
initial infection. 
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stantly, much earlier than this, the codperation necessary for the maki: z 
of stereoscopic films, and by the difficulty of recognizing first infectio: s 
and calcifications, a fact emphasized by McPhedran (16). Calcificati. 
has been demonstrated by Puhl experimentally in the lung foci f 
primary A ffekts in from 66 to 150 days; but for practical recognition 
undoubtedly requires a considerably longer time. While calcificati: ; 
was seen before fifteen this was the exception and not the rule. 


THE CRITERIA OF FIRST INFECTION AND SECONDARY FOCI 


It is obviously impossible because of the conformation of the chcst 
to recognize all focal deposits, secondary foci or their lymphatic respon:e. 
When the focus is situated laterally and above the diaphragm, andt1e 
nodes fall well away from the mediastinum or are large and dens:ly 
calcified, no trouble is encountered. But if the lung focus lies below 
the shadow of the diaphragm, or if the nodes are small and not denscly 
calcified, they may be engulfed in the mediastinal shadows, or be hidden 
by the aorta or by the overlying spinal shadow; though the frequency 
with which calcified nodes are seen at the hilum makes one feel that the 
incidence will not be so low as to invalidate the study. 

It is impossible, even with stereoscopic films, to be always certain of 
the exact anatomical lobar site at which focal lesions are seen; for this 
reason the chest was divided into four areas, the shadows of the third 
ribs anteriorly and the seventh ribs posteriorly being chosen as the 
dividing level for the upper and lower pulmonary fields. Focal lesions 
have been located in relation to these areas in either lung. 

Calcification was recognized on the film by an area of increased density 
always sharply demarcated in the pulmonary fields from the rest of the 
lung. At the root-area its presence was determined by the density, 
location and size of the shadow. McPhedran has shown, by comparison 
of postmortem findings and roentgenographs of the excised lungs, that 
foci and nodes which are not considerably enlarged are demonstrable 
roentgenographically only when they contain calcium salts. Opie’s (11) 
opinion has been quoted as to the trivial incidence of broncholitlis, 
phleboliths and similar indurated foci and node-like artifacts. 

Sex: (Table 1): Of the 1034 patients examined, 623, or 60.25 per 
cent, were males, and 411, or 39.75 per cent, were females. Of the ma’es 
279, or 44.78 per cent, presented evidence of focal deposits in the p"l- 
monary parenchyma; and of the female patients 165, or 40.14 per cet, 
showed similar changes. There were, in all, 444 patients who exhibit :d 
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this first infection or the calcified foci of secondary infection, an incidence 
of 42.82 per cent. 

Secondary Infection: (Table 1): The presence or absence of roentgen- 
ray evidence of the adult type of tuberculosis determined the next sub- 
division. Considering the study as a whole, 675 patients, or 65.28 per 
cent, were without signs of this secondary infection, whereas 359, or 
34.72 per cent, exhibited it. The type and the extent of the disease ran 
the gamut from a few small isolated tubercles to widespread and far- 


TABLE 1 
Site of infection 


NUMBER 


and SITE OF CALCIFIED FOCI 


{ Without clinical tu- 
berculosis 


Right upper 43 or 21.39% 
Right lower 101 or 50.24% 


391 or 61.76% 


With clinical tuber- 
culosis 
232 or 38.24% 


Left upper 
Left lower 


Right upper 
Right lower 
Left upper 
Left lower 


30 or 14.92% 
27 or 13.43% 


16 or 20.51% 
33 or 42.30% 
14 or 17.97% 
15 or 19.23% 


Females 
411 
39.75% 


{ Without clinical tu- 
berculosis 
284 or 69.09% 


With clinical tuber- 
culosis 
127 or 30.91% 


Right upper 
Right lower 
Left upper 
Left lower 


Right upper 
Right lower 
Left upper 
Left lower 


31 or 25.20% 
48 or 39.01% 
35 or 28.21% 

9or 7.31% 


7 or 16.66% 
19 or 45.23% 
8 or 19.04% 
8 or 19.04% 


444 


42.82 


advanced disease involving all the lobes, and characterized by caseation, 
cavitation, extensive fibrosis, and even, in some cases, pneumothorax and 
hydropneumothorax. No attempt was made to differentiate qualita- 
tively, either roentgenographically or clinically, the variety of the 


changes. Those with evidence of healing have been grouped with those 
in whom caseation was undoubtedly the most pronounced characteristic. 

Of the 391 male patients without secondary tuberculosis, 201, or 
51.40 per cent, exhibited calcified focal changes, while of the 232 patients 
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with the adult type of the disease but 33.62 per cent demonstrated such 
foci. One hundred and twenty-three, or 43.30 per cent, of the 284 
female patients without secondary disease presented evidence of focal 
changes; while, in this sex-group, of the 127 patients with secondary 
disease 42, or 33.07 per cent, showed the phenomena. 

Site of the Focal Calcification: (Table 1): In both sexes, and regardless 
of the absence or presence of apical tuberculosis, the lower portion of the 
right lung was the site of most frequent involvement. Of the male 
patients who exhibited the changes, 101, or 50.24 per cent, were located 
in this area of the lungs; and here too was the site in 33, or 42.30 per 
cent, of the same sex-group who presented evidence of the apical type of 
the disease. In the female patients 48, or 39.01 per cent, showed it 
here when the phenomena of calcification and apical tuberculosis were 
present simultaneously. 

The figures are inconclusive as to the relative frequency of foci in other 
fields, though the left side in all groups shows consistently a slightly 
lower incidence. 

Age: (Table 2): There is no evident relationship determinable from 
this study as to the age incidence of primary A fekis and calcified second- 
aryfoci. Inmales without secondary infection it varied, in those groups 
with a sufficient number of cases to give an accurate estimate of the 
prevalence, from 37.50 per cent in patients between 70 and 80 years to 
58.41 per cent in the 20-30 year group. The variation in those with 
secondary infection was from 17.24 per cent in those between 40 and 50 
years to 57.63 per cent in patients between 60 and 70. 

Of the female patients without secondary infection the 20-30 year 
group evidenced the highest incidence, with 54.87 per cent, and the 
70-80 year group the lowest, with 33 per cent, though the 60-70 year 
group presents a better cross-section since it embraces more patients. 
Those with clinical tuberculosis in this sex-group showed the highest 
percentage between the ages of 15 and 20, when it was 42.85 per cent, 
and the lowest at 50-60 with 20 per cent. 

The Extent of Calcified Primary Affekis and Reinfections: (Tables 3 
and 4): It is evident, because of the technical difficulties encountered, 
that one must be uncertain of the exact extent of theinvolvement. Some 
of the pulmonary foci must have fallen below the diaphragmatic level, 
while others must have been hidden by the cardiac shadow; this last 
would be particularly true of the left lower lobe. The gauge then is not 
so accurate by this method as by Opie’s, nor can the limits of the different 
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grades be accurately defined, though the attempt has been made to 
impose limits similar to his. Grade I includes those cases of minimal 
involvement, a small focus in the lung accompanied in most cases by 
some slight calcification of the tracheobronchial nodes, though in some 
nodal calcification was not seen (figure 1). Grade II includes those in 
whom the parenchymal and tracheobronchial calcifications were greater, 
and in this group there was always a recognizable calcification at the 
hilum (figure 2). Grade III embraces only those cases in which there 
was extensive calcification of the tracheobronchial nodes with a large 
focus or foci in the lungs (figure 3). Many of our cases in grade I would 


TABLE 2 
Incidence of calcified foci 


Without clinical With clinical Without clinical With clinical 
tuberculosis tuberculosis tuberculosis tuberculosis 


cified foci 
Number of cases 
Number of cal- 
cified foci 
Per cent of cal- 
cified foci 
Number of cases 
Number of cal- 
cified foci 
Per cent of cal- 
cified foci 
Number of cases 
Number of cal- 
cified foci 
Per cent of cal- 
cified foci 


Per cent of cal- 
cified foci 
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15-19 
20-29 
30-39 
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60-69 
70-79 
80-89 
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undoubtedly fall into Opie’s grade II were it possible to measure them. 
Grade III probably corresponds very well to his grade III, though some 
grade-II cases would undoubtedly have fallen into this group had they 
been examined at postmortem. 

Excluding grade III, because of the few instances of disease of this 
extent, and considering only grades I and II, it is interesting to note that 
there is a gradual though not steady increase with advancing age in 
the percentage of cases falling into grade II. That is, the percentage 
incidence of focal lesions of moderate extent increases with age. The 
male patients, who presented no evidence of the adult type of pulmonary 
tuberculosis, show this particularly well. In them the percentage rises 
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from 3.12 per cent in those between 15 and 20 years to 18.75 per cent 
in the 60-70 year group; in both of these age-groups the same number of 
cases, 32, were studied. A roughly similar finding is shown in the other 
sex-secondary disease divisions; but it does not occur so constantly. 


TABLE 3 
Extent of involvement 
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TABLE 4 
Incidence of grade-II involvement 


MALES FEMALES 


Without clinical With clinical Without clinical With clinical 
tuberculosis tuberculosis tuberculosis tuberculosis 


Number II 
Grade 
Per cent II 
Grade 
Number of 
cases 
Per cent II 
Number of 

cases 
Number II 
Grade 
Grade 
Number of 
Per cent II 
Grade 


15-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
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Calcification of the Tracheobronchial Nodes: (Table 5): The extentof 
calcification was not graded except when it was seen in conjunction 
with calcified focal deposits. Frequently these pulmonary foci must 
have developed subpleurally near the root-areas and be included in this 
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compilation as tracheobronchial nodal calcifications rather than as in- 
dependent foci. 

Six hundred and sixty, or 63.82 per cent, of all the patients showed 
calcification of these nodes. Of the males without clinical tuberculosis 
300, or 76.72 per cent, showed calcified nodes, while 151, or 65.09 per 
cent, of those with the disease exhibited them, a total of 451, or 72.39 
per cent. 

Of the female patients, 309, or 75.18 per cent, presented hilum calci- 
fication, of whom 221, or 77.79 per cent, were of the 284 without second- 


TABLE 5 
Calcification of the tracheobronchial nodes 


318 81.32 
229 80.63 


HILUM CALCIFICATION OR WITH 
AND WITHOUT FOCUS 


WITHOUT HILUM CALCIFICATIONS, 
BUT WITH FOCUS 


NUMBER AND PERCENTAGE WITH 
PERCENTAGE WITHOUT HILUM CAL- 
CIFICATION AND WITHOUT FOCUS 


CALCIFICATIONS, RIGHT HILUM 
WITHOUT HILUM CALCIFICATION 


BILATERAL HILUM CALCIFICATIONS 
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Without clinical ee 
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tuberculosis Females 
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With clinical tu- 


801 77.46 | 233 |22.53 


ary disease, while 88, or 69.29 per cent, were of the 127 who did show the 
adult type of tuberculosis. 

When calcified parenchymal foci and calcification of the tracheo- 
bronchial nodes are considered together, it is seen that all but 73, or 
18.67 per cent, of the male patients without tuberculosis of the adult 
type showed either one or both conditions, an incidence of 81.32 per 
cent; and of those with secondary disease 67.24 per cent demonstrated 
similar findings. 

Of the female patients those without secondary disease exhibited 
an incidence of 80.63 per cent of either a calcified lung focus, calcified 
tracheobronchial nodes or both, and an incidence of 73.81 per cent 
when there was secondary disease. 


JOHN T. FARRELL, Jr. 


COMMENT 


Of the 1034 patients, all of whom were over 14 years of age, con- 
sidered in this study, 444, or 42.93 per cent, showed calcified focal 
deposits. 

Sex: Male patients show a slightly higher incidence than the female 
patients, the percentage being 44.78 for the males as against 40.14 for 
the females. Ickert (17), who has made a very similar study based on 
roentgenoscopic examinations of 1336 patients over 14 years of age, 
found that they were somewhat more frequent in the females in his 
series, his proportion being 108 to 100. 

Secondary Infection: Of the 675 patients who showed no roentgen- 
ographic evidence of the adult type of tuberculosis, 324, or 48 per cent, 
evidenced calcified foci; while of the 359 with secondary disease 120, or 
33.42 per cent, presented these calcifications. In Ickert’s series 58.6 
per cent of the tuberculous and 55.8 per cent of the nontuberculous 
exhibited these changes. 

Secondary infection, when of any considerable extent, must mask the 
foci; this is particularly true when there are large masses of caseation 
or extensive fibrosis in the medial aspect of the lungs. Opie in his post- 
mortem series found a much higher incidence even when there was apical 
disease present than has been indicated by this study, and the same is 
true of the studies of Puhl. One would anticipate this difference because 
of the mechanical difficulties imposed. 

Clinically, according to most authorities, it is probably true that the 
foci represent neither special protection nor unusual hazard so far as 
secondary disease is concerned. 

Location of the [esion: In all groups, in both the male and female pa- 
tients, in those with and in those without secondary apical disease, the 
lower portion of the right lung was the area most frequently involved. 
This conforms to the roentgenoscopic observations of Ickert, and to the 
postmortem findings of Puhl and of Opie. Both Puhl and Opie say that 
the primary A ffekt may occur in any place in the lungs, but that it is found 
most frequently in the best-aerated sections. The single area of greatest 
involvement in the arbitrary fashion in which we have divided the chest 
is in the right lower portion. Ickert found that the right side was more 
often affected than the left, as this study has also indicated, and the dis- 
tribution corresponded roughly to the volume of the area. 

McPhedran (16) has called attention to the similarity between the 
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shadows of vessels rayed axially and calcified nodules. The mistaken 
interpretation of vessels for calcified foci may have been made in this 
study in some instances, but probably so infrequently that it has had no 
great influence. 

The Incidence of Infection according to Age: There are no absolute con- 
clusions to be drawn as to age incidence. The second age-group, from 
20 to 30 years, shows the highest percentage of calcification in three sex- 
involvement groups; but in the males with secondary tuberculosis the 
highest incidence, 42.85 per cent, occurred between 50 and 60 years. 
Ickert also found a relative increase in the number of persons with cal- 
cified foci between the second and third decades. Opie found an increase 
in the extent of the involvement with increasing age. 

The Incidence of Grade-II Involvement according to Age: Opie defined 
his grade II as being characterized by a single nodule or several nodules 
within the lung substance varying in size from several millimetres to 
1 cm. in diameter, and at the hilum of the lung larger masses which 
in unusual instances may be asmuch as 2 cm. across. He says that this 
grade makes up more than half the lungs seen at autopsy in this country. 

Calcification exhibited by the cases in this study could not be so ac- 
curately gauged as in lungs examined at autopsy. Our grade I un- 
doubtedly includes for the purposes of conservatism many cases, which, 
had they been seen at postmortem, would fall into Opie’s grade II. 
Many shadows suggestive of calcification were discarded when their 
origin was dubious: cases were only included in grade II when the focal 
and tracheobronchial calcifications were pronounced. However, it is 
interesting to note that in the male patients without adult tuberculosis 
a fairly constant increase in the percentage incidence of calcification, 
of sufficient extent to fall into grade II, accompanies advancing age. 
This is in accord with the findings of Opie based on the examination of 
lungs at postmortem. ‘The increase with age of this grade is not so 
striking in the other sex-involvement groups. 

Calcification of the Tracheobronchial Nodes: Roentgenologically, calci- 
fication of these nodes constitutes a better index as to the presence and 
extent of the primary Affekt than does the pulmonary focus. Even at 
postmortem the pulmonary focus may be found only with difficulty. 
Compared to the lymphatic changes the pulmonary focus is usually very 
small. Often it is so situated at the hilum region that it is projected in 
roentgenographs of the chest in such a way as to be mistaken for calci- 
fication of one of the nodes in the area. 
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McPhedran has pointed out that only the presence of calcium salts 
in the not markedly enlarged node makes it roentgenographically visible. 
Studies of postmortem material in numbers of investigations have proved 
that tuberculosis is the most frequently occurring single factor in the 
production of calcific deposits. For statistical purposes we may there- 
fore look upon all calcified nodes as of tuberculous origin; and if the 
series is large enough the unintentional inclusion of calcification due to 
other causes will not seriously affect the percentage incidence of any one 
group. 

Calcification, either as a pulmonary focus or of the tracheobronchial 
nodes, was seen in 801 of the patients examined, an incidence of 77.46 per 
cent. It was appreciably higher in those without the adult type of tuber- 
culosis, being 81.32 per cent in the males and 80.63 per cent in the females; 
while in those with secondary disease it was 67.24 per cent in the males 
and 74.01 per cent in the females. Bilateral calcification was the variety 
most frequently seen, and then followed unilateral calcification at the 
right root-area, and finally unilateral calcification at the left. The 
greater number of cases presenting calcification on the right is in accord 
with the more frequent finding of the pulmonary focus on the right than 
on the left. 

Of all patients examined 801 presented evidence of calcified primary 
Affekts, or calcified foci of reinfection, or calcification of the tracheo- 
bronchial nodes. That in the great majority of cases, these calcifica- 
tions are the result of the primary complex is confirmed by the finding 
of some degree of calcification of the tracheobronchial nodes in 63.82 
per cent, a lymphatic response characteristic of the primary A ffekt and 
not of the adult type of infection. That this calcification may be looked 
upon as tuberculous in origin, or as evidence of an earlier active tuber- 
culous infection, has been amply demonstrated by postmortem studies. 


SUMMARY 


1. Of 1034 adult patients whose chests were examined roentgenograph- 
ically, 801, or 77.46 per cent, presented evidence of a primary A ffekt or of 
a calcified reinfection. 

2. Of this group, 750, or 72.93 per cent, presented primary A ffekis. 

3. The lower portion of the right lung, the best aerated portion, ex- 
hibited the highest incidence of calcified foci. 

4. There was a slightly higher incidence of primary lung foci in the 
male patients. 
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5. In those without roentgen evidence of apical tuberculosis of the 
adult type there was a higher incidence of calcification than in those 
with clinical tuberculosis. 

6. No relationship as to age was established in this group of patients, 
whose ages ranged from 15 to 84 years. 

7. With advancing age there was an increase in the proportion of 
patients showing the more extensive degrees of calcification. 
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THE DISTRIBUTION OF VALVES AND THE FIRST APPEAR- 
ANCE OF DEFINITE DIRECTION IN THE DRAINAGE 
OF LYMPH IN THE HUMAN LUNG! 


OTTO F. KAMPMEIER? 


After the writer had published his observations on the genetic history 
of the valves in the human systemic lymphatics, Professor William Snow 
Miller, to whom we are indebted for so much of our knowledge of the 
finer architecture of the lung, kindly requested him by letter to consider 
also the formation of these structures in the pulmonary lymphatics. 
Not only would the determination of their time of appearance be perti- 
nent because of the physiological and pathological interest involved, 
but a reinvestigation of their arrangement might dispel any doubts con- 
cerning the validity of Miller’s conclusions on the direction of the lymph- 
flow in the adult lung. 

Despite the prominent place of the lung in the economy of the organ- 
ism, and the réle of the lymphatics in its normal and pathological life, the 
literature on these pulmonary channels is not extensive. The out- 
standing work since 1653, when Olof Rudbeck first discovered and 
described them, is by Mascagni (1781), Cruikshank (1790), Sappey 
(1874), Klein (1875), and Miller (1900, 1919). The brief résumé imme- 
diately following is based largely on the illustrated account given by 
Miller. 

Since the days of Mascagni and Cruikshank the pulmonary lymph- 
vessels have been divided descriptively into a superficial and a deep set. 
The first is represented by the lymphatic plexus in the visceral pleura, the 
second by the plexuses accompanying the bronchi, pulmonary arteries, 
and the greater extent of the veins. The larger branches of the bronchi 


1In 1923, the directors of the Bache Fund of the Nationa! Academy of Science made a 
grant of 100 dollars, and the committee on grants of the American Association for the Ad- 
vancement of Science set aside the same sum, to aid me in investigations on the evolution 
and comparative morphology of the lymphatic system. Since considerable time will still 
elapse before a comprehensive monograph which is being prepared is ready for publication, 
I take the opportunity here and in other papers dealing with the subject of acknowledging 
the assistance given in pursuance of that plan. 

2 Department of Anatomy, College of Medicine, University of Illinois, Chicago. 
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are surrounded by a double network of lymph-vessels, one located in- 
ternal to the ring of cartilages, the other external to it, but joined to each 
other by anastomoses. Proceeding peripherally, the net becomes single 
around the smaller bronchi and diminishes in size and complexity as the 
ductuli alveolares are approached, at which its terminal lymph capillaries 
pass over into those running along the pulmonary arteries and the 
radicles of the pulmonary vein. The walls of the alveoli, or air-sacs, are 
not supplied with lymph-channels. 

Of the lymphatic plexuses associated with the arteries and veins, those 
of the arteries frequently are common in part with those of the bronchi, 
because of their juxtaposition. Pursuing the course of the connective- 
tissue septa, which visibly demarcate the contours of the secondary 
lobules on the surface of the lung, slender lymph-channels connect the 
superficial set of lymphatics with the deep, especially along the veins. 

The superficial or subpleural lymph-vessels are arranged in a plexus 
composed of meshes of irregular polyhedral form (already depicted by 
Sémmering (1841) and Sappey (1874)), which correspond in position 
with the boundaries of the secondary lobules just indicated. Smaller 
subsidiary lymph capillaries subdivide these territories into still smaller 
ones, which suggest the outlines of the primary lobules or anatomical 
units of the lung. 

Miller has found that valves exist in considerable number in the deep 
lymphatics of the lung at the hilum, and in the peripheral lymphatics 
beneath the pleura. Between these zones, that is, throughout the greater 
part of the interior of the lung, the lymphatics are devoid of valves. 
It is obvious that the direction of the lymph-stream can be ascertained 
from the direction in which these structures point. The current in the 
deep channels flows straightway toward the hilum, because the valves 
located there are turned toward that gateway. On the other hand, the 
valves of the lymph-vessels in the interlobular septa at the surface of the 
lung, which unite the deep and the superficial plexuses, point toward the 
pleura. In the subpleural plexus itself, they face in every conceivable 
direction of the plane, and, since its vessels communicate freely with one 
another, the direction of flow varies from site to site. However, the 
lymph is collected and carried off by larger conduits of the network which 
ultimately also drain toward the hilum, either around the circumference 
and margins of the lung, or along the fissures separating its lobes. The 
conditions along the diaphragmatic surface of the lung, and particularly 
along the pulmonary ligament are uncertain, because Miller did not 
examine these areas definitely. 
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In 1916, Cunningham published his observations on the development 
of the lymphatics in the lung of the embryo and foetal pig. In speci- 
mens, 2.6 to 3 cm. long, vessels grow from the thoracic duct to the trachea 
and along its bifurcation, and, becoming plexiform, enter both lungs at 
the hilum. Those vessels that follow the pulmonary veins, their tribu- 
taries and the connective-tissue trabeculae in which they are located, 
extend rapidly, and eventually spread to the pleura. The vessels along 
the bronchi and arteries grow more leisurely. At the same time lymph- 
vessels forming a second group arise from the retroperitoneal lymph-sac, 
and, taking their path upward behind the diaphragm and along the 
median surface of the lower lobe of each lung, invade it through the 
pulmonary ligament, which is the downward prolongation of the hilum, 
and soon establish junction with the vessels of the first group. The 
valves begin to appear in pig foetuses of 6 cm., and ‘“‘in general point 
away from the pleura,” a statement which contradicts the findings of 
Miller in so far as the disposition of the valves in the peripheral anasto- 
motic channels between the deep and the superficial pulmonary 
lymphatics is concerned. All the deep vessels, together with the greater 
number of the pleural ones, drain toward the lymph nodes at the hilum, 
but the pleural vessels in the lower half of the inferior lobe of the lung 
have their exit through the pulmonary ligament, to connect with the 
preaortic nodes or even with the nodes at the lesser curvature of the 
stomach. 

Since the writer is not aware of any published account on the develop- 
ment of the lymph channels in the human lung, all the information 
pertaining to it which he was able to glean from the material studied for 
the more specific problem considered in this paper is also presented. 
Human foetuses of 2.2, 2.5, 3.5, 3.7, 4.3 and 10 months, and measuring 
respectively 30, 36, 85, 105, 130, and 370 mm., constituted that material. 
All of them were in excellent or in fair state of preservation. ‘They were 
fixed with 10 per cent formalin, their tissues cut into serial sections, 15 
micra in thickness, and the sections stained with haemotoxylin and eosin. 
The bodies of the 2.2 and the 2.5 months’ foetuses were sectioned com- 
pletely, but the lungs only of the foetuses of 3.5 and 3.7 months, and 
merely portions of these organs in that of 4.3 months. In the 10 months’ 
foetus or newborn, which died some hours after birth, three blocks of 
tissue, each approximately one centimetre square, were removed from 
the costal surface of the lung near its apex, from the diaphragmatic 
surface, and from the mediastinal surface adjacent to the heart. 
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In the foetus of 2.2 months lymphatics are just beginning to invade the 
ing. From a plexus surrounding the trachea and its bifurcation exten- 
ions pass a short way into the hilum along the bronchi, pulmonary 


Fic. 1. Photomicrograph of a transverse section through the thorax of a 2.2 months’ 


etus at the level of the hilum of the lung. X 23. ¢.: Thoracic duct. 6.: Bronchi. 1.: 
ymphatics of the hilum of the right lung. The small lymphatic situated just lateral to the 
ronchus within the lung and dorsal to the pulmonary artery represents approximatley the 
rthest extent to which the lymphatics have invaded the lung at the period indicated. 


‘teries and veins (figure 1). There are no indications as yet of lymph- 
essels, either in the deeper portions of the lobes of the lung or at their 
erlphery. The tracheal and bronchial network itself has direct con- 
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nection with the thoracic duct, but below the level of the hilum it passe: 
down in close proximity to the pulmonary ligaments and becomes ; 
part of the perioesophageal plexus. No valves exist either in the thoraci 
duct or in its mediastinal tributaries. But further forward in the cer 
vical region valves are making their appearance in the branches of thi 
jugular lymph-sac, a large part of which sac later becomes converte: 
into the proximal or terminal part of the thoracic duct at its union wit! 
the venous system in the jugulosubclavian angle. 

In the next foetus examined, one of 2.5 months, the lymphatics hav 
progressed noticeably further into the substance of the lung. In a few 
instances mesenchymal or lymph-spaces were observed near the periph 
ery, which seemed to be disconnected from the continuous vessel; 
nearer the hilum. Valves are nowhere in evidence within the lung, bu 
in the: lymph-channels in the vicinity of the aortic arch they are preseni 
in their initial stages. 

At 3.5 months of prenatal life valves have made their appearance in 
the lymphatics of the lung. Several are situated in its hilum, and two or 
three others near the hilum in that part of the pleura which covers the 
medial face of the lung in the neighborhood of the heart. No valves 
were found beyond the area indicated, although at this period the lymph- 
vessels have already traversed the entire organ by extending along the 
bronchi, arteries and veins, and are beginning to spread out at its periph- 
ery beneath the pleura. Of the existing valves, some are fully formed, 
while others are just beginning their formation. All point toward the 
portal of the lung, thus directing the lymph-stream toward the tracheal 
lymphatic plexus, which in turn connects with the thoracic duct, and 
which is in possession of numerous valves. 

Because the lung does not exercise its function until birth, the writer 
was astonished by the early creation of valves in its lymphatics. He has 
shown in previous investigations that the period of most vigorous genera- 
tion of valves in the systemic lymphatics falls between the end of the 
second and the beginning of the fifth month of foetal existence. As 
stated before, at approximately two months some have already appeare'! 
in the tributaries of the jugular lymph-sac. As early as three months, 
they are encountered in such a distal part of the body as the femor'! 
trigone, and but a short while afterward they abound throughout th 
lymphatic network of the entire lower appendage. The present observ: 
tions therefore demonstrate that the lung, which assumes its physi: 
logical activity late as compared with the foetal extreniities, for exampl: 
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ie muscles of which begin to be exercised as early as at the middle of 
regnancy, in no wise lags behind them in prompt perfection of its 
mphatic organization. If the writer’s preliminary observations are 
yrrect, even the heart, which is the first organ to work, is not in any 
opreciable advance over the lung in this respect. 

In their mode of origin and development the valves in the pulmonary 
mphatics do not differ from those elsewhere in the body. For a de- 
iiled description of the genetic procedure, the reader is referred to the 
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Fic. 2. Photomicrograph of part of a transverse section through the cardiac surface of 
the lung of a 3.7 months’ human foetus. X 120. z.J.: An interlobular lymphatic, which 
connects the deep pulmonary lymphatics with the peripheral or subpleural lymphatic plexus, 
jl. v.: A stage in the development of a valve formed by the tangential ingrowth of one 
vessel, 7.J., into the other, p./._ Note that the valve points toward the surface of the lung. 


cuthor’s paper in the current volume of the American Journal of Anatomy. 
suffices to say that in the large lymphatic trunks like the thoracic 
ict, they resemble the venous valves in their inception and differentia- 
m, whereas in the peripheral lymphatic plexuses, including the pul- 
onary, their genesis differs according to whether they are laid down at 
confluence of vessels that has already been completed, or at one that is 
st being established. In the latter case the valve develops from an 
dothelial proliferation that encircles the entrance of one channel into 
other; in the former case, the valve is initiated when the terminal 
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Fic. 3. Diagram of a transverse segment of the thorax from a human foetus, at the 
middle of intrauterine life. X 5}. The stars suggest the relative number and distributior 
of the lymphatic valves in a transverse slice of the lung, and the arrows the course of th« 
lymph-stream as indicated by the direction in which the valves project. Note the grea 
abundance of valves on the surface of the lung next to the heart, and their absence on th¢ 


dorsal and vertebral surfaces. The distribution of the valves in the newborn is the same 
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‘rowing tip of a small channel meets a larger one, and projects obliquely 
nto the lumen along its wall. A phase in the origin of a valve by such 
tangential ingrowth is delineated in figure 2 of this paper. 

If the study of the 3.5 months’ foetus brought astonishment because 

»f what seemed a precocious appearance of valves in the pulmonary 
ymphatics, the examination of the next foetus, one of 3.7 months, gave 
10 less remarkable facts in regard to their distribution. These results 
.re expressed graphically in figure 3. It will be noted that, in addition to 
he valves in the lymph-vessels of the hilum, valves are exceedingly 
bundant beneath the pleura of the cardiac impression of the lung, 
10derately numerous on the ventrolateral surface, and absent on the 
orsolateral, dorsal and vertebral surfaces. In order to state their 
:umber in numerical notation, a count was made in a transverse slice of 
ing 2 mm. thick. This was easily accomplished by carefully perusing 
34 serial sections in their sequence, each section being 15 micra in 
thickness. In the narrow segment of lung examined, as many as 45 valves 
occurred on its medial side next to the heart, 23 on the lateral side near 
the sharp ventral border, and only one doubtful example in the extensive 
circumference of the posterior or dorsal lobe. There is only one con- 
clusion which this remarkable distribution of lymphatic valves on the 
surface of the lung suggests, namely, that the excurions of the pulsating 
heart impinging on the lung interfere with the steady flow of lymph in a 
set course and that the valves have evolved in response to the demands 
for a regulatory mechanism to overcome such disturbance. The writer 
believes that this arrangement of lymphatic valves represents the most 
beautiful and striking demonstration yet observed of their fundamental 
purpose. 

The direction in which the valves project shows that the lymph in the 
subpleural plexus on the medial face of the lung drains toward the hilum. 
Without exception all the valves in the vessels, which are located in the 
immediate interlobular septa and which unite the deep lymphatic with 
te subpleural plexus, point outward, that is, toward the pleura (figure 2). 
“uch an unequivocal statement cannot be made regarding the disposition 

the valves joining the lateral surface of the lung. Though the ma- 
jority of these valves in the foetuses examined pointed toward the pleura, 
« few were observed which were turned in the reverse direction, as pic- 
t.red in figure 4. In these instances, however, the septal vessel (7. /.) 
\ as confluent with the pleural plexus by several anastomoses, which bore 
1 » valves, and it may well be that the contained lymph merely followed 
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a circuitous route. It may also happen that it takes a short cut from 
one surface of the lung to another v/a direct channels near its sharp 
margins (figure 3). 

The contrast between the lymphatic networks on the cardiac and on 
the dorsal surfaces of the lung is not confined to the number of valves 
present. On the side facing the heart the lymph-channels are far more 


Tic. 4. Photomicrograph of part of a transverse section through the lateral surface of 
the lung near its ventral margin (see diagram, fig. 3) in a human foetus of 3.7 months. X 
250. 7./.: Interlobular lymphatic. ./.: Subpleural lymphatics. v.: Tip of the valve, 
pointing inward, that is directing the flow of lymph in this case from the subpleural to the 
interlobular lymphatic, and hence differing from the condition illustrated in figure 2. 


voluminous than they are on the dorsal side, as may be seen by comparing 
the two regions (A and 8) in figure 5, which illustrates typical conditions. 

The lung of the newborn, in which respiratory motion had been active, 
does not differ essentially in respect to character and arrangement of its 
lymphatics and the course of their current from that of the foetus at th« 
middle of intrauterine life. The valves were enumerated in serial section: 
of three blocks of tissue, one excised from the dorsal side of the lung 
near the apex, where the movements of the contiguous structures upo! 
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Fic. 5. Photomicrographs of parts of sections, A, through the cardiac side, and B, through 
ie dorsal side of the lung at the same transverse level in a human foetus of 3.7 months. 


120. Observe the marked difference in size and volume of the subpleural lymphatic 
| ‘exus, p./., in the two regions. 


i.l.: Interlobular lymphatic. v.: Valve. 
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it are believed to be relatively limited, a second one from the mediastinal 
side next to the heart, and a third one from the diaphragmatic side. In 
strips approximately 1 cm. long and 2 mm. wide, 31 valves occurred in 
that bordering the heart, 13 in that adjacent to the diaphragm, and none 
in that from the apical region. As in the younger foetus, the lymphatics 
richly endowed with valves were also more expansive than those on the 
back of the lung or at its apex. 

In view of these startling distinctions in the organization of the pul- 
monary drainage of lymph, it is not surprising that the mind should 
recall the familiar fact of certain differences in the expression of the 
tuberculous process, for example, in the apical and in the basal parts of 
the lung. The idea suggests itself that there may be a relation between 
the diversity of the lymphatics, as set forth, and the greater frequency 
but more benign course in general and better restriction of the diseas« 
in one region, and the lesser frequency but more rapid course and wider 
dissemination in the other. Until more extensive search confirms’ and 
establishes the universal occurrence of the facts observed by the writer, 
discretion forbids any elaboration of such an idea, even though the 
fundamental importance of the present observations may not be ques- 


tioned. 


SUMMARY 


Lymph-vessels begin to invade the lung in human foetuses of two 
months. At the end of the third month not only have they traversed 
the entire organ by extending along the bronchi, pulmonary arteries and 
veins, but they are creating a subpleural network. 

Developing valves, already present in the lymphatics of the jugulo- 
subclavian territory at the end of the second month of prenatal life, arise 
in the lymphatic plexus of the mediastinum shortly afterward, and in that 
of the hilum of the lung not more than a month later. Despite the fact 
that the lung does not perform its functions until birth, it in nowise 
lags behind any other part of the body in the prompt construction of its 
lymphatic organization. Its valves become exceedingly numerous in tl 
period from the third to the fourth month. 

The mode of valvulogenesis in the pulmonary lymphatics conforms t 
that in the peripheral lymphatic plexuses elsewhere in the body. A val\ 
originates either by the tangential ingrowth of one lymph-vessel int ) 


3 As soon as sufficiently well preserved material of both normal and pathological lungs : ' 
adults is secured, the present study will be continued. 
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another during the formation of the plexus, or from intimal flanges 
proliferated at the mouth of confluences established earlier. 

The valves of the deep lymphatics in the hilum of the lung point to- 
ward the mediastinum, and consequently send the lymph-stream in that 
direction. In the channels connecting the deep pulmonary lymphatics 
and the peripheral or subpleural plexus most valves point outward, that 
is, toward the pleura, but few instances occur, especially at the margins 
of the lobes, in which they are turned in the reverse direction. 

In the material examined for the arrangement of the lymphatic valves 
in the lung (in foetuses from the middle of intrauterine life, and in a new- 
born which had breathed) these structures were found in great number 
in the subpleural plexus on the medial face of the lung next to the heart, 
in moderate abundance on the diaphragmatic surface and on the costal 
surface near its ventral border, but absent on the dorsal side and at the 
apex. This distribution represents a striking demonstration of the 
purpose of the valves as regulators of the lymph-drainage where this 
tends to be disturbed or impeded by a compressive force upon it ex- 
ternally, as by muscular action. 

It was further observed that the channels of the lymphatic plexus 


bearing numerous valves, particularly those on the medial or cardiac 
side of the lung, are larger and more voluminous than the valveless ones 
on the dorsal side. 

The described distinctions in the lymphatic volume and valvular 
distribution, signifying differences in the underlying hydrostatic condi- 
tions, suggest a possible relationship with the diversity in the course of 
the tuberculous process, for example, in the different parts of the lung. 
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4 STUDY OF TUBERCULOUS LESIONS IN THE LUNG OF 
A NEGRO CHILD NINE WEEKS OLD" 


I. THE MARGIN OF THE LEFT LOWER LOBE 


WILLIAM SNOW MILLER 


The lung on which this study, and those that will follow, was made, 
‘ame to me from an outside source with the accompanying history: 
“Negro. Female. Age nine weeks. IIl six weeks. Specimen includes 
the trachea, tracheobronchial lymph nodes, and both lungs.”” Although 
every effort has been made to secure a more complete history, no further 
information has been obtained. Previous to shipment the lungs had 
been filled with 85 per cent alcohol plus 1 per cent of bichloride of mer- 
cury, and placed in the same solution for fixation and shipment. 

On examination, the surfaces of the lungs were found to be smooth, 
and they showed no evidence of adhesions. The tracheobronchial lymph 
nodes were enlarged, and those along the right bronchus showed, on 
section, extensive caseation. Both lungs were studded with gray, semi- 
transparent granules (tubercles), varying in size from a point, just visible 
to the unaided eye, to 1.5 mm. in diameter. The larger tubercles had 
an irregular outline; only a few showed, grossly, any indication of 
caseation. 


As will appear in later communications, blocks were cut from all parts of the 
lungs. The block used for the reconstructions described in this communica- 
tion was taken from the inferior margin of the lower left lobe, as indicated in 
figure 1. 

The block was embedded in paraffin and cut, serially, in sections seven micra 
thick. According to my usual custom the sections were mounted alternately 
on two sets of slides; one set was stained with haematoxylin and eosin, while the 
other was stained by a Bielschowsky silver method. In this way control of the 
pathological histology of the material was obtained. A few sections were 
stained with Ziehl-Neelsen’s carbol-fuchsin to determine the presence of the 
tubercle bacillus. 

The sections, amplified 45 diameters, were drawn by means of an Edinger 


1 From the College of Medicine, University of Wisconsin, Madison, Wisconsin. 
2 Aided by a grant from the National Tuberculosis Association. 
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projection apparatus. The drawings were transferred to sheets of blotting 
paper of the proper thickness, and the parts which entered into the reconstruc- 
tions were cut out by means of an electric sewing machine, to which a special 
pully had been fitted in order to reduce its speed and increase its power. 

No special problem came up in connection with the reproduction of the blood- 
vessels, the subdivisions of the bronchial tree, or the tubercles; but the lym- 
phatics and pleura called for special methods. 

On account of their small size and irregular outline, the lymphatics could not 
be easily cut out of blotting paper; they were, therefore, drawn to scale and 
built up on a silk insulated copper wire which was coated with wax to the 
required diameter. This allowed a fair reproduction of their irregularity. 
The pleura was made from a sheet of celluloid, and the lymphatics, first drawn 
to scale, were painted directly on the celluloid. 


Anterior Medial 


Fic. 1. Outline drawing to illustrate, approximately, the position of the block of lung 
tissue used in the reconstructions. 


Reconstruction shown in Stereo I 


Due to the configuration of the lung where the block of tissue was cut 
out, the sections are triangular in outline, the apex of the triangle cor- 
responding to the rounded edge of the margin of the lung. A connective- 
tissue septum extends, in the midline, from the pleura covering the tip 
of the section through nearly its entire length (figure 2). From the 
pleura which forms the sides of the section other septa extend into the 
section and join the one in the midline. A large branch of the pulmonary 
vein occupies the greater part of the septum which extends through the 
section; this is joined, on either side, by branches which run at various 
levels through the lateral septa. All these veins arise from the pleura 
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id from the walls of adjacent air-sacs. The arrangement of the con- 
ctive-tissue septa, and the branches of the pulmonary vein, indicate 
tat the plane of this section, which forms the bottom of the reconstruc- 
yn, is situated near the margin of a secondary lobule. 

The area entering into the reconstruction, lying as it does in that region 
primary lobules which are made up of the finer subdivisions of the 


Fic. 2. First section of the reconstruction shown in stereo I. Only that portion of the 
ections below the line S. S. was used in the reconstruction. D: Diaphragmatic surface. 
Costal surface. Bielschowsky’s silver. X12. 


mchial tree (air-sacs, atria, and ductuli alveolares) did not permit the 
lusion of these structures in the reconstruction, because they would 

ve obscured the situation of the tubercles and the distribution of the 
iphatics,—a much more important point. A few branches of the 
monary artery are shown, in order to demonstrate their relation to 
tubercles. 
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In the normal lung lymphoid tissue is found in certain definite places: 
namely, the distal ends of the ductuli alveolares; where bronchi or bron. 
chioli divide; where branches of the pulmonary vein arise from the 
pleura; and where branches of the pulmonary vein, arising from the 
various subdivisions of the bronchial tree, join larger trunks situated alon; 
the periphery of either primary or secondary lobules. The present re 
construction shows that all the tubercles can be traced to a place wher: 
lymphoid tissue is present in the normal lung; it was interesting to finc 
that none of the tubercles were associated with the lymphoid tissu: 


Fic. 3. Section through the lower third of the large conglomerate tubercle shown at the 
upper end of stereoI. Bielschowsky’ssilver. X50. 


found at the place where bronchioli divide, but that they were associated 
with the lymphoid tissue situated where branches of the pulmonary vein 
unite to form larger trunks, or where venous radicles arise from the pleura. 
In a previous communication it was shown that the bronchial artery 
does not supply the entire length of the bronchial tree, but that it termi- 
nates in a capillary network with the division of the bronchioli into 
bronchioli respiratorii. Due to this arterial distribution the lymphoi:! 
tissue associated withthe finer divisions of the bronchial tree is supplied 
by branches of the pulmonary artery rather than by branches of the 
bronchial artery. Not only does the pulmonary artery supply the lym- 
phoid tissue associated with the finer divisions of the bronchial tree, but 
also supplies the lymphoid tissue found at the place where venous radicl¢ ; 
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rising from these subdivisions join larger trunks situated either on the 
eriphery of a primary or of a secondary lobule. On the other hand, 
he bronchial artery supplies the connective-tissue septa and the pleura, 
nd thus may serve, through its capillary distribution, as the source of 
. haematogenous infection of such lymphoid tissue as may abut against 
ither of these structures. This is, possibly, the source of one of the 
ubercles to be described later. 


Fic. 4. The small tubercle in front and to the right of figure 3. This shows the characteris- 
tic features of a healing tubercle. A well marked capsule of collagenous fibres surrounds the 
tubercle, and in the interior all gradations in the conversion of reticulum into collagenous fibres 
appear. The large, but empty vessel below the tubercle is a lymphatic. Bielschowsky’s 


ver. X100. 


None of the tubercles which appear in stereo I show an active con- 
tion; they are all undergoing a healing process through the development 
reticulum and its conversion into collagenous tissue. The large 
nglomerate tubercle, seen at the upper end of the reconstruction, is 
uated in the angle formed by the junction of a short venous trunk 
hich in turn is formed by the union of three small veins) with the main 


378 WILLIAM SNOW MILLER 


pulmonary vein. At the level at which the photomicrograph (figure 3) 
is taken, the tubercle is made up of two larger and two smaller portions 
which eventually fuse. The two central portions show a more advanced 
stage in the healing process than do the smaller areas; but in each of the 
latter, especially the one on the right, the reticulum has been largely 
converted into collagenous tissue. Numerous giant cells are present and, 
apparently, represent the remains of previous caseation. 


Fic. 5. The conglomerate tubercle near the rounded margin of the lower lobe. The 
pleura is on the upper right of the photograph. The oval vessel filled with a black granular 
mass, just beneath the pleura, is a section of a pulmonary vein as it is passing into the tuber- 
culous area. Bielschowsky’s silver. 100. 


The small tubercle (figures 2and 4), situated in front and to the right o/ 
the conglomerate tubercle just described, is barely discernible, in th: 
stereo, through the pleura. It presents the typical characteristics of a 
healing tubercle. Surrounding the tubercle is a dense band of collagenou: 
tissue, while the interior of the tubercle shows all gradations of reticulun 
being converted into collagenous tissue. The only suggestion of previou: 
caseation is the presence of giant cells, which in these instances represent 
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i.ccording to Medlar, ‘“‘small areas of caseation or of simple necrosis around 
yr into which mononuclear leucocytes have wandered,” and are indica- 
tive of a healing process. Had the patient lived, all that would have 
been left of this tubercle would have been a small mass of scar-tissue. 
\ large lymphatic (figures 2 and 4), free from any exudate, is situated 
just below the tubercle; this lymphatic joins the pleural network of 
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Fic. 6. Section through the upper end of the tubercle shown in figure 3. It is situated in 
the angle formed by three veins; a branch of the pulmonary artery extends obliquely through 
the upper right quadrant of the figure. Numerous lymphatics can be recognized in the 
connective tissue surrounding the veins. Haematoxylin and eosin. X50. 


lymphatics which is situated a short distance further to the right (fig- 
ure 2). 

The tubercle situated near the apex of the section (the inferior margin 
of the lower lobe) is also a conglomerate tubercle (stereo I and figure 5), 
and occupies a position just beneath the pleura; like the conglomerate 

ubercle at the opposite end of the reconstruction, it is situated at the 
‘unction of three radicles of the pulmonary vein. One of these veins 
an be seen in figure 5 as it is about to pass obliquely through the tuber- 
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cle. Analogous to all the veins associated with the tubercles included 
in this reconstruction, it is packed full of coagulated blood. Pervading 
the tubercle is a rich network of reticulum, which, here and there, has been 
converted into collagenous tissue (figure 5). 

The photomicrograph reproduced in figure 6 shows a number of inter- 
esting points. The three blood-vessels, which are a prominent feature in 
the figure, are branches of the pulmonary vein. The lymphatics which 
accompany the veins are readily recognized, and it is to be noted that 
they are free from any exudate or cellular content. Situated in the 
angle formed by the three veins is the upper portion of the tubercle shown 
in figure 3. Attention is called to the lymphatic arching around the left 
side of the tubercle, and to the branch of the pulmonary artery which 
breaks up into a number of small arterioles that are distributed about 
the circumference of the tubercle. The artery also appears in stereo I. 
The two connective tissue septa on the left of the figure join the pleura, 
which is situated just outside the margin of the photomicrograph. 


Reconstruction shown in Stereo II 


Stereo II continues stereo I upward; in other words it is to be super- 
imposed on stereo I.* In stereo I only that portion of the section below 
the line S.S. in figure 2 was reconstructed. For stereo II the entire 
section (figure 7) was reconstructed; but, in order that the tubercle and 
its relation to the blood-vessels could be shown more clearly, that portion 
of the reconstruction situated in the upper right quadrant was omitted. 
Although the reconstruction appears smaller than stereo I, it is nearly 
one-third larger. 

Figures 7 and 8 are of assistance in orienting stereos I and II; figure 7 
is a photograph of the top section of stereo I and, consequently, the bot- 
tom section of stereo II. The blood-vessel at the bottom of the con- 
nective-tissue septum opposite the letter D, in figure:7, is a continuation of 
that branch of the pulmonary vein which is seen in section just below the 
centre of figure 6. Using this as a central point of orientation, by visual- 
izing the vein in figure 8 as a continuation of this vein and noting how the 
branch of the pulmonary artery crosses and rises above the vein, corre- 
sponding points in stereo II can be recognized. 

In figure 8 the subdivisions of the bronchial tree are not included; but 
in figure 9, which is a photograph of the opposite side of the reconstruc- 


3 For convenience of description the stereos are described as superimposed, but stereo IJ 
actually continues stereo I to the left. 
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ion from that which is nearest the observer in stereo II, the subdivisions 
{ the bronchial tree and their accompanying branches of the pulmonary 
rtery are shown. 
A group of three tubercles occupies the upper left quadrant of stereo 
(I. A fourth, and much smaller tubercle, can be seen on the bottom of 


Fic. 7. Bottom section of stereo II. Note the subpleural tubercle with a small venous 
twig extending between it and the larger vein; also the group of tubercles in the upper right 
corner of the section. Haematoxylin and eosin. X12. 


the model lying in close contact with the pleura. This tubercle appears 
in section in figure 7, and can be easily recognized, since it is the only one 
in direct contact with the pleura. 

The group of three tubercles is shown in section in figure 10. The 
larger of the three is situated, on the one hand, in the angle formed by 
the union of three branches of the pulmonary vein with the main trunk 


We. 
: 


382 WILLIAM SNOW MILLER 


which runs through both stereos, and on the other hand a branch of the 
pulmonary artery (figure 11). This is a conglomerate tubercle made uy 
of miliary tubercles, and, like the tubercle shown in figure 3, it show: 


Fic. 8. The pulmonary artery (gray) and the pulmonary vein (black) with their lympha- 
tics (white) at the rounded margin of the model. This is a photograph of the vessels before 
the assembling of the various parts of the model. Reduced so that the veins and arteries 
correspond, approximately, to the position they occupy in figure 7. 


Fic. 9. Photograph of subdivisions of the bronchial tree (grayish white) and the pulmonary 
artery (dark gray) and their lymphatics, before complete assemblage of the model. The 
opposite side of the reconstruction from that shown in stereo II. Three-sévenths of the actual 
size of the reconstruction. 


various stages in the healing process by which the contained reticulum 
is converted into collagenous tissue. Numerous giant cells are present; 
but they are completely surrounded by reticulum and in process of time 
would have disappeared. 
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The second tubercle in size is situated between the one just described 
nd the pleura (figure 10). Nowhere does it come in contact with the 


Fic. 10. Section through the group of tubercles shown in stereo II. Bielschowsky’s silver. 
x40. 


Fic. 11. View, from behind, of the reconstruction of the larger of the three tubercles which 
ire shown in figure 10. The pulmonary veins are black; the pulmonary artery is dark gray. 
Che artery encircles the tubercle and breaks up into small arterioles on the inner side of the 
tubercle. The lymphatics are white. Three-sevenths of the actual size of the reconstruction. 


pleura. Two interesting types of tuberculosis are present in this area: 
1amely, miliary tubercles, and tuberculous bronchopneumonia. The 
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miliary tubercle closely resembles the one shown in figure 4. It is 
surrounded by a capsule of dense collagenous fibres, while in its interior 
various gradations in the conversion of the fibrils of reticulum into col- 
lagenous fibres are to be found. The giant cells present the same charac- 
teristics as those in figure 4. 

In an address given before the Harvey Society, in New York, I de- 
scribed three types of tuberculous bronchopneumonia, basing the differen- 


} 


Fic. 12. The greater portion of the tuberculous bronchopneumonia which forms the lower 
edge of the second tubercle shown in figure 10. Bielschowsky’s silver. 500. 


tiation on the characteristic picture obtained when sections were stained 
for reticulum. 


In type 1 there is no increase of reticulum in the walls of the alveoli, and no 
reticulum is present in the alveoli. 

In type 2 there is an increased amount of reticulum in the walls of the alveoli, 
but it does not extend into the alveoli. 

In type 3 the reticulum in the walls of the alveoli is increased in quantity, and 
the alveoli are filled with a network of reticulum which is continuous with that 
in the walls of the alveoli. 
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That portion of the lesion which is seen near the lower edge of figure 10 
yelongs to type 3 of the above classification, and is more fully shown in 
igure 12. It is far from uncommon to find different types of the tuber- 
culous lesion associated with one another in the lung. This will be more 
fully discussed in communications that will describe the tuberculous 
lesions in other lobes of this lung. 

The top of the smallest of the group of three tubercles (figure10) is 
just visible in stereo II between the other two tubercles. This is almost 
exclusively made up of collagenous fibres and is far advanced in the heal- 
ing process. 

The small group of tubercles indicated in the upper right quadrant 
of stereo II, but not included in the reconstruction, is made up of miliary 
tubercles which are well advanced in the process of healing. 

All of the tubercles included in the two stereos are haematogenous in 
origin. With the possible exception of the small tubercle lying in contact 
with the pleura in figure 7, the infection has been conveyed by the blood- 
stream in the pulmonary artery. The tubercles have developed in the 
capillary bed between the pulmonary artery and the pulmonary vein; 
the primary infection seems to have been situated in the perivascular 
lymphoid tissue associated with branches of the pulmonary vein. 

In the case of the small subpleural tubercle (figure 7), the source of the 
infection may possibly have been the bronchial artery, but the pulmonary 
artery cannot, with certainty, be ruled out; the venous radicle on the 
other side of the capillary bed can be seen leaving the tubercle and joining 
one of the main divisions of the pulmonary vein. 


The study of the lymphatics, as brought out in the reconstructions, 
has been interesting. While it has added nothing new to my previous 
studies, it has, by bringing them out in a plastic form, made the previous 
description of their distribution more realistic. 

In stereo I only the lymphatics situated in the pleura and those ac- 
companying the pulmonary vein are shown. At various levels the con- 
nection between the lymphatics in the pleura and those accompanying 
the branches of the pulmonary vein can be seen. On the left side of the 
stereo a short stub of a vein, which has been cut off, can be seen, and the 
lymphatics which accompanied it are brought more clearly into view. 
The vein and its lymphatics are situated in a connective-tissue septum, 
which does not appear in the stereo but can be seen in figure 6, where it 
is the lower of the two septa on the left side of the figure. Nowhere are 
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the lymphatics which appear in stereo I involved in the tuberculous 
process. Wherever lymphatics are found their lumen is free from any 
exudate or cellular content (figures 4 and 6). 

Figures 8 and 9 are photographs of various parts of the reconstruction, 
which is shown in stereo II, before it was assembled. In figure 8 only 
the pulmonary artery and vein appear. The area included in this portion 
of the reconstruction shows the place where the pulmonary vein crosses 
the pulmonary artery and the connection between the perivascular net- 
work of lymphatics about the two vessels. The bronchiole, which is 
situated on the side of the artery nearest the observer, does not appear in 
this figure. Figure 9 shows the opposite side of the reconstruction from 
that in stereo II; the pulmonary vein has been left out; it shows the sub- 
divisions of the bronchial tree, the accompanying branches of the pul- 
monary artery, and the network of lymphatics belonging to each. The 
anastomoses between the bronchial and arterial lymphatics can be readily 
recognized, and that they occur where division of the bronchi and of the 
pulmonary artery take place. Like the lymphatics in stereo I, they are 
free from exudate or cellular content. 


What is the direction of the lymph-flow, and what relation exists 
between the pulmonary (deep) lymphatics and those in the pleura? 
I discussed this question quite fully in the June, 1919, issue of THE 
AMERICAN REVIEW OF TUBERCULOSIS. I can add but little to that 
account. For this study reconstructions from the inferior margin of the 
left lower lobe were used; the sections included the pleura on both the 
diaphragmatic and costal surfaces of the lung; the block of lung tissue 
was a trifle less than 2 mm. in thickness. In the series of sections 52 
valves were found, 33 of which were on the costal side of the sections and 
19 on the diaphragmatic side; 23 were connected with stereo I and 29 
with stereo II. It is possible that the unequal distributions of sections 
for the two stereos had some influence on the number of valves connected 
with them; for 105 sections were used for stereo I, and 135 for stereo II. 
I do not think, however, that any definite conclusion should be drawn 
from these figures. 

I have selected five valves situated in four different lymphatics for 
illustration, three on the diaphragmatic and one on the costal surface of 
the sections; each of these presents some special feature. 

Figures 13 and 14 are from the same lymphatic, and were found on 
the diaphragmatic side of the sections. Figure 13 shows a valve opening 
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it from a lymphatic, which accompanies a branch of the pulmonary 
in, into one that runs through a connective-tissue septum and joins 
1e network of lymphatics in the pleura. Near the upper end of the 
mphatic which follows the vein can be seen a small lymphatic which 
completely shut off from the larger vessel; in figure 14, which is taken 42 
iicra deeper in the series, this small lymphatic opens by a well-marked 
alve into the lymphatic which accompanies the pulmonary vein, while 
he connection of the latter with the lymphatic coursing through the 
mnective-tissue septum is lost. In both instances the valves open 
oward the pleura. 


Fics. 13 anp 14. Two pairs of valves in the same lymphatic; from the diaphragmatic 
surface. X50. 


The large vessel which is cut transversely in figure 15 is a branch of 
the pulmonary vein that is situated in a connective-tissue septum be- 
tween two secondary lobules. A branch of the lymphatic which accom- 
vanies this vein is passing through the septum to join, at a higher level, 
the pleural lymphatic which is just above it and to its right. The valve 
etween the two vessels is cut perfectly, and no doubt exists that it opens 
oward the pleura. This valve, like those in the preceding lymphatic, is 
n the diaphragmatic surface. 

The lymphatic and valve in figure 16 are from the costal surface of the 
ung. In this figure the direct connection of a lymphatic, which was 
xtending through a connective-tissue septum, with a lymphatic situated 
n the pleura is shown; the valve which guards the opening is cut longi- 


Fie. 13 Fic. 14 


388 WILLIAM SNOW MILLER 


tudinally, and opens toward the pleura. The pleural lymphatic with 
which it is connected is cut almost through its centre. Two valves are 


Fic. 15. A valve in a lymphatic on the diaphragmatic surface just before its opening into 
a pleural lymphatic. 100. 


Fic. 16. A lymphatic on the costal surface opening directly into a pleural lymphatic; th 
latter contains two pairs of valves. X50. 


present in the pleural lymphatic; the one near the entrance of the pul 
monary lymphatic is cut very obliquely, but the one further along, on th 
left, is cut longitudinally and is partly open. 
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The lymphatic and valve shown in figure 17 are from the diaphragmatic 
surface of the sections. This is the most deeply situated valve I have 
ound opening toward the pleura, and for this reason it is reproduced. 
\Vfeasured in a direct line, it is 1.8 mm. below the surface of the pleura. 
Like all the valves illustrated, and the same is true of those that are not, 
't opens towards the pleura. 

In his description of the development of the lymphatics in the lung of 
the pig, Cunningham says that they “‘begin to form at about 6 cm. and, 
in general, point away from the pleura.” In the same paragraph he says, 


Fic. 17. This is the most deeply situated valve opening toward the pleura that the author 
hasfound. From the diaphragmatic surface. 50. 


“there are numerous anastomoses between the deep vessels and those of 
the pleura, but probably most of the flow is towards the hilum.” He also 
describes the lymph drainage of the pleura of the lower lobe of the pig’s 
lung, below a certain level, as taking place through a set of lymphatics 
which pass through the ligamentum pulmonale to the preaortic lymph 
nodes. ‘This group of vessels which pass to the preaortic nodes drains 
about one-third of the lower lobe of the lung.’”’ Whether this holds true 
for the human lung I am unable to say, for the present series of sections 
does not include the ligamentum pulmonale; it must await further study. 
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All the valves found in the lymphatics connected with the reconstruc- 
tions point toward the pleura, and the lymph-flow from the zone drained 
by them must be toward the pleura. On the other hand it must be kept 
in mind that the lymph-flow in the lymphatics accompanying the bronchi, 
the pulmonary artery, and the pulmonary vein, in the deeper portion of 
the lung, is toward the hilum, and that such valves as have been found 
in these lymphatics point toward the hilum. | 

Lymphatics in the connective tissue septa in other regions of the lung 
are also guarded by valves which open toward the pleura. ‘This raises 
the question of how wide is the zone which is drained toward the pleura. 
Does it extend beyond, say, 2 mm., the approximate depth of the deepest 
valve (figure 17) I have found? Like the question in regard to drainage 
through the ligamentum pulmonale, further studies will be necessary to 
answer the question. 


SUMMARY 


1. With the exception of one small area of tuberculous bronchopneu- 
monia, miliary tubercles form the only lesions in the region studied. 
2. The infection has been conveyed from some source, as yet unde- 


termined, through the arterial blood-stream. 

3. The tubercles have developed in the capillary bed between the 
pulmonary artery and the pulmonary vein. 

4. The primary infection seems to be in the lymphoid tissue associated 
with the pulmonary veins; this receives its blood supply from the pul- 
monary artery. 

5. The lymphatics are not involved in the tuberculous lesions. 

6. All the valves found in the lymphatics were situated less than 2 mm. 
below the surface of the pleura and opened toward the pleura. This 
means that from a narrow peripheral zone of the lung, the lymph must . 
drain toward the pleura, but leaves unsettled the direction of flow from 
deeper portions, although it must be assumed that from the central por- 
tion the flow is toward the hilum. 
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MILIARY TUBERCULOSIS IN CHILDREN 
A Clinical and Pathological Report of 54 Cases! 


JOSEPH GREENGARD 


This paper has been compiled from the material of the Cook Coun: y 
Hospital of Chicago. The cases were seen from January 1 to December 
31, 1925, in the children’s ward. During this period 40,912 cases were 
admitted to the hospital and of this number there were 1,531 cases of 
tuberculosis. The children’s ward cared for 1,785 cases and of this 
number 115 were cases of tuberculosis. This report embraces only the 
cases of miliary tuberculosis in childhood, totalling fifty-four. All of 
these terminated fatally, and 35 permission autopsies were obtained. 
Of the remaining cases, five were coroner’s cases, and this autopsy 
material was not available for study, though the antemortem diagnosis 
was confirmed. One case was removed from the hospital by the parents 
before death, and in the remaining thirteen autopsy was refused. Thus 
postmortems were obtained on 72 per cent of the material available. 


Incidence: In taking up those factors which are based on the history, 
it is essential to remember that the accuracy of the statements given by 
the parents is open to question. These cases came to us from the lowest 
strata of society and in most cases the parents were very ignorant. The 
living conditions of these children were the poorest imaginable; over- 
crowding, filth and poor food were the rule. Thirty-five of the children 
were negroes, two were Mexicans, and 17 were white. Thus 31.4 per 
cent were of the white race, while 68.6 per cent were colored. ‘The 
incidence as to sex was 61 per cent male and 39 per cent female. 

The age incidence of these patients was interesting: 79.5 per cent 
were under five years of age, while the remaining 20.5 per cent were 
between five and eleven years of age. In the first group, 12, or 22.2 
per cent of the total, were under one year, 14, or 22.9 per cent, were from 
one to two years, and 17, or 31.4 per cent, were between two and five 


1 From the Cook County Hospital, Chicago, Illinois. 
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years of age. Thus in this series miliary involvement was most preva- 
lent in infancy and early childhood. 


Exposure to Tuberculosis: The information obtained here emphasizes 
the unreliability of the histories given. The greater portion of the cases 
were undoubtedly human infections, and if the facts had been obtainable 
a history of exposure to a tuberculous individual would probably have 
been elicited. In 37 of the cases the parents denied any exposure to 
tuberculosis, in one case no history was obtainable as the child entered 
as an emergency, and in one instance of an adopted child the past history 
was unknown. The remaining 15 had a definite history of exposure to 
an individual with an open tuberculosis. Six gave a history of an open 
tuberculosis in the mother, and of these, 3 had been breast-fed for a 
short time. In 4 instances the father was an active case of tuberculosis, 
and in three others a history of exposure to some other relative was 
obtained. Thus in 23.9 per cent of the cases a definite history of ex- 
posure to a tuberculous individual was obtained, while in 72 per cent 
exposure was definitely denied. 


Previous Infectious Diseases: Certain of the infectious diseases are 
known to have a definite influence in predisposing to tuberculosis. 
This is particularly true of measles, pertussis and influenza, which seem 
to have the faculty of destroying the specific antibodies. In this series 
infections of one type or another had occurred in almost half of the cases. 
Measles had been present in 9 instances, or 16.6 per cent. Pertussis 
occurred in ten, or 19.5 per cent, and in every instance this infection had 
occurred within a few months prior to admission. The other infectious 
diseases played a minor réle. In 29 of the patients no history of a pre- 
ceding infection was obtained. These latter, as might be expected, 
were largely among the infants under two years of age. Thus the im- 
portance of measles or pertussis in a child harboring a tuberculous in- 
fection is further emphasized. 


Symptomatology: The subjective symptoms presented by these chil- 
dren are of considerable interest. These observations were made by 
the parents and given by them as part of the history. A large proportion 
of the cases, as one would doubtless suppose, consisted of tuberculous 
meningitis. Consequently in this series nervous symptoms were promi- 
nent. 
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The onset was almost universally insidious; that is to say, while a 
number of the cases entered the hospital with a sudden onset of convul- 
sions, in practically every case the history obtained was that the child 
had been doing badly for several weeks previously. Cough, loss of 
weight, fever, drowsiness or irritability, and vomiting were the prominent 


TABLE 1 
Entering complaint 


.Nervous System 


—_ 


Paralysis 
Night-cries 


1 
1 
5 
7 
6 
5 
1 
7 
1 
1 


Vomiting 
Constipation 
Diarrhoea 
Abdominal pain 
Respiratory 


Dyspnoea 
Pain in the chest 
Genitourinary 


Loss of weight 
Night-sweats 


symptoms noted during that period. In only 3 instances was the onset 
abrupt, with convulsions, and with a history that the child had been 
perfectly well previously. All three of these had meningeal involvement. 

Symptoms as to systems are givenintable1. By far the most common 
symptom was vomiting, which occurred in 30 cases, or 55.5 per cent of 


CASES PER CENT 
Gastrointestinal 
General 
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the total. Cough was noted in 20, and fever was observed by the parents 
in 22 instances. Convulsions were present in 15 cases and usually just 
preceded entrance: they were commonly repeated. Drowsiness or 
stupor was present in sixteen. Loss of appetite and of weight had been 
noted in an equal number. It is interesting to observe that such symp- 
toms as pain in the chest, haemoptysis and night-sweats, findings con- 
sidered rare in childhood, were all observed by the parents in this series. 
It is also interesting to note that night-cries, which are given a promi- 
nent place in the textbook descriptions of tuberculous meningitis, were 
noted in only one case. 

The duration of the illness varied from one week to two months in the 
majority of cases, 75.8 per cent falling in this group. Five cases lasted 
less than one week, 3 lasted two to three months, while there were 5 
cases in which the duration was three to four months. 


TABLE 2 


DURATION OF DISEASE 


Less than one week 
1-2 weeks 


Physical Findings: In these cases they were rather definite as a rule. 
Lung findings were noted in more than half the cases, consisting in 
disseminated fine moist rales and areas of dulness at times. Enlarge- 
ment of the spleen and liver was noted in a relatively small number. 
The spleen was definitely palpable in 15 cases and the liver in eleven. 
This is of interest when one compares it with the postmortem findings, 
in which the spleen was found involved in 80 per cent of the autopsied 
cases and in all of these it was profusely studded with tubercles. En- 
largement, great enough to be determined on examination, however, 
was only present in about one-third of these. 

Manifestations of meningeal involvement were present in a good 
many of these children. An antemortem diagnosis of tuberculous 
meningitis was made in thirty-nine. As will be noted later, every case 
of miliary tuberculosis is not necessarily accompanied by involvement 
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of the meninges (1). Rigidity of the neck was present in 32 cases and 
was associated with a Brudzinsky sign in 28 and a Kernig in 21 of these. 
The Brudzinsky was bilateral in 23 and unilateral in three; the other 
two had no neck Brudzinsky but showed a positive leg Brudzinsky. 
The significance of a unilateral Brudzinsky is a matter of interesting 
conjecture. It has been suggested that it is due to a predominance of 
exudate over one hemisphere, but it has not been possible to confirm 
this from our pathological material (2). 

Cutaneous lesions of a tuberculous nature were noted in only one case, 
in which papulonecrotic tuberculides were seen. 


Laboratory Findings: A leucopoenia was found in the majority, 76 
per cent of the cases showing a count below 15,000. A very high count, 
20,000 to 30,000, was found in only 6 cases. 


TABLE 3 


PER CENT 


X-ray examinations were made on 23 of the cases. Miliary involve- 
ment of the lungs was noted on 13 plates, 2 showed evidences of consoli- 
dation, 6 showed hilum increase but no pulmonary involvement, and 2 
were entirely negative. Miliary tuberculosis of the lungs may be pres- 
ent and be unrecognizable on X-ray plates. Miliary tubercles become 
apparent only when surrounded by small bronchopneumonic areas, 
then giving the typical snowstorm shadow. X-ray is of considerable 
value in the diagnosis of these cases, however. In 2 children in this 
series the differentiation between a tuberculous meningitis and some 
other intracranial condition, such as brain abscess or encephalitis, was 
made on X-ray, which revealed a miliary tuberculosis of the lungs. 


Spinal-Fluid Findings: Lumbar puncture was done in 44 of these 
cases. Some were entirely negative, since meningeal involvement was 
not universally present. Thirty-five of the fluids were clear and color- 
less, 6 were turbid, and 3 were clear yellow. Globulin reactions were 
positive in 30 of the fluids, and an increase in the number of cells was 
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noted in thirty-nine. In these the cell count varied between 20 and 
500, and the predominant cell was found to be the lymphocyte in all 
but two fluids. Stained smears were run on all these fluids, but micro- 
organisms were never found antemortem. Guinea-pig inoculations 
were also done with a number of the fluids, but this test is of little value 
as the termination of the disease usually precedes the end of the experi- 
ment. 


PATHOLOGY 


Miliary Distribution: Bartlett and Wollstein (1) classify miliary tuber- 
culosis as follows: 


1: Those cases having a generalized miliary distribution with no ascertainable 
primary focus. 

2: Generalized miliary tuberculosis with caseous bronchopneumonia. 

3: Generalized miliary tuberculosis with meningitis. 


They state that the latter class constitutes about 40 per cent of the cases. 
All of the 35 autopsies in this series revealed a miliary distribution in 
certain of the organs. The relative frequency in which the various 
organs of the body are involved in an acute miliary distribution in child- 
hood is of interest. The lungs were involved with the greatest frequency 
in this series, pulmonary dissemination being found in 29, or 82.8 per 
cent of the autopsied cases. In these tissues the involvement was 
diffuse and widespread, the parenchyma of the lungs being profusely 
studded with fine miliary tubercles. In one instance the lesion was of a 
diffuse nodular type, the individual lesions being about the size of a pea 
or small bean. Caseous and ulcerative lesions were frequently seen 
concomitantly, as we shall note later, and a tuberculous bronchopneu- 
monia was present, along with miliary involvement in 8 cases. 

Involvement of the spleen, liver, and leptomeninges followed very 
closely that of the lungs in frequency, each being involved in 28, or 80 
per cent of the cases. Splenic involvement was in practically every 
instance very profuse, though, as we have mentioned above, great en- 
largement of the spleen was not common. Caseation within the sub- 
stance of the spleen was noted in 5 of the cases, and a fibrous perisplenitis 
was seen in four. 

The leptomeninges, as is the rule in tuberculous meningitis, showed 
relatively few tubercles and relatively large amounts of exudate, par- 
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ticularly over the base. If the lesion is followed into the floor of the 
Sylvian fissure, however, the exudate will be found to be thicker and 
more profuse, and miliary tubercles will almost invariably be seen. 
Extension of the exudate up over the convexity of the cerebral hemi- 
spheres was seen relatively frequently. Small tuberculomata involv- 
ing the brain itself were seen in 3 of the cases. In one instance there was 
a solitary tuberculoma of the left temporal lobe, and in the other two 
multiple small tuberculomata were scattered throughout the cerebrum. 

The liver, while involved in a large proportion of the cases, was in 
every instance sparsely involved. A few small miliary tubercles were 


TABLE 4 
Miliary distribution 


CASES PER CENT 


Brain (solitary 1) 


1 2.8 


scattered through the parenchyma, largely beneath the capsule. Case- 
ous perihepatitis was noted in 2 cases. 

The kidneys tanked next in frequency of miliary involvement, with 
18 cases, or 51.4 per cent. Here also the dissemination was not nearly 
so widespread as in the lungs or spleen. In one instance a caseous lesion 
was noted in the kidney, and in one case a tuberculous excretory nephri- 
tis was present. 

Serous membranes other than the meninges were involved relatively 
infrequently. Peritoneal involvement was present in only 6 cases, omen- 
tal in one, and epicardial in one. Miliary involvement of the pleura was 
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not observed in this series in a single instance, though a fibrous pleuritis 
was seen in 5 cases. 


Other Tuberculous Lesions: Caseous and ulcerative tuberculosis was 
noted in a great many of the tissues of the body. MacGregor (3), ina 


TABLE 5 
Caseous and ulcerative lesions 


Right upper 

Right middle 

Right lower 

Left upper 

Left lower 
Tracheobronchial lymph nodes 
Cervical lymph nodes 
Mesenteric lymph nodes 
Periportal lymph nodes 
Peripancreatic lymph nodes 
Perigastric lymph nodes 
Retroperitoneal lymph nodes 
Bronchial fistula 
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study of 42 postmortems on tuberculous children, made some interesting 
observations which coincide well with ours. In her series there were 21 
cases of miliary tuberculosis, with meningitis and caseation of hilum 
lymph nodes present in all, and with lesions in the lung in 20 cases, or 
95 per cent. In our series tuberculous involvement of the lungs and of 
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the tracheobronchial lymph nodes was present in every case examined. 
This seems to bear out the view that the essential mode of infection in 
tuberculosis is by the respiratory tract and that the primary lesion is in 
the lung (4) (5) (6). Regional lymph nodes are then involved, and, 
following these initial steps, the infection may be transported to other 
regions of the body by direct extension, by lymphatics, or by the blood- 
stream. Ghon (5) describes the “primary complex” in tuberculosis, 
which consists of the primary focus in the pulmonary tissue along with 
the changes produced in the regional lymph nodes by the bacilli. In 
point of time the primary focus precedes the changes in the regional 
lymph nodes, and is produced most often in the lungs where bacilli 
lodge following inhalation. The extent of involvement of the regional 
lymph nodes is variable, and may only include the regional intrapulmo- 
nary nodes, or those nodes about the hilum in addition, or the tracheo- 
bronchial nodes higher up. 


Pulmonary Lesions: As we have said, all the 35 cases showed pul- 
monary involvement of one type or another; 29 had miliary involve- 
ment, 24 showed caseous lesions, and 8 showed areas of tuberculous 
bronchopneumonia. In 11 instances, in which miliary involvement or 
acute tuberculous bronchopneumonia was present, no older tuberculous 
lesion was discoverable in the lungs, though all these cases had caseous 
involvement of the hilum lymph nodes. According to Parrot’s law (4) 
there can be no change in the tracheobronchial lymph nodes without 
analogous ones in the lung tissue. We feel that in these cases a primary 
infection of the lung tissue was undoubtedly present and might have 
been found on careful search. MacGregor (3) believes that in many 
cases hilum lymph nodes are first infected through some source other 
than the lung, as the tonsils and cervical lymph nodes. Caseation of 
these lymph nodes was seen in only one instance in this series, however, 
while the tracheobronchial nodes were universally involved. 

Bartlett and Wollstein (6) failed to find a primary lesion in the lungs 
in many instances. They conclude that microérganisms may pass 
through the pulmonary parenchyma and lodge in the hilum lymph nodes, 
where they set up a focus of tuberculosis, these nodes thus constituting 
the primary focus. Krause’s (7) work on the guinea pig indicates that 
this does occur in this animal at least. He injected tubercle bacilli 
subcutaneously and found that they promptly entered the circulation 
via the lymphatics and were carried to the lungs. In many instances 
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they filtered through the lungs and lodged in the hilum lymph nodes, 
producing the first visible lesion in this focus. His work also suggests 
that primary localization might occur in hilum lymph nodes even when 
the original portal of entry was extrapulmonary. Ghon (4) (5), how- 
ever, believes that primary extrapulmonary infections are much rarer 
than pulmonary infections in man. Of these, primary intestinal tuber- 
culosis is of most importance, while primary oral, nasal and cutaneous 
foci are rarer. Ghon feels that in all these cases regional lymph nodes 
are next involved, giving the so called primary complex. 

The location of the older lesions in the lung is of interest. The right 
upper lobe was involved in this series in 12 instances, the right middle 
lobe in 9, the left upper lobe in 9, the right lower in 8, and the left lower 
in 5. Cavitation was observed in 5 of these cases, or 14 per cent. In 
one instance perforation of the right lung into the pleural cavity occurred, 
resulting in a pyopneumothorax. Siperstein and Bauguess (8) have an 
interesting discussion of cavitation of the lung in tuberculosis in early 
childhood. They report a case in detail, which was diagnosed during 
life and confirmed at autopsy, termination being with miliary distribu- 
tion. They emphasize the possibility of its occurrence and the fact 
that antemortem diagnoses are apparently never made. 


Tracheobronchial Lymph Nodes: These were involved in every case 
autopsied in this series. The involvement was always extensive, and 
caseation was present in every instance. In 2 instances rupture of a 
lymph node had occurred. One of these resulted in a mediastinal abscess, 
while in the other the lymph node ulcerated into the left lower bronchus, 
producing a bronchial fistula and a resultant bronchopneumonia. A 
tuberculous ulceration within a bronchus was observed in one case which 
involved the oesophagus and produced a bronchoesophageal fistula. 
Calcification of these areas was observed in only one case in this series, 
a fact in accordance with the findings of other observers (1) (3) (6). 


Mesenteric Lymph Nodes: These were involved in 14, or 40 per cent 
of the cases. This seems to indicate that a large number of the children 
swallowed tubercle bacilli and infected the lymph nodes draining the 
gastrointestinal tract. Actual tuberculosis of the stomach and intes- 
tines, however, was seen in relatively few cases. Miliary tubercles were 
noted in 4 instances, while tuberculous ulcers were seen in the oesopha- 
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gus once, in the stomach once, in the duodenum once, in the jejunum 
twice, in the ileum 8 times, and in the large bowel 3 times. 

Other unusual tuberculous lesions in this series include 2 cases of 
ascending caseous tuberculous cholangitis, 2 tuberculous infarcts of the 
kidney, and a case of caseation of the urinary bladder. 


Associated Pathology: The coexisting pathological lesions in these 
cases revealed several findings of considerable interest. 

Suppurative otitis media as a coexisting lesion was seen in 8 cases of 
meningeal tuberculosis, and was interesting because it occurred as a 
terminal finding in these cases. Since this observation was made, the 
middle ear has been examined in all postmortems on tuberculous men- 
ingitis at Cook County Hospital, and it has been found to be involved 
in an even greater proportion of cases. None of these drums perforated 


TABLE 6 
Other tuberculous lesions 


PER CENT 


Tuberculous bronchopneumonia 22. 
Tuberculous infarct of kidney 
Ascending tuberculous cholangitis 
Tuberculous excretory nephritis 
Fibrous pleuritis 

Fibrous perisplenitis 


spontaneously, but in one case a secondary suppurative meningitis 
developed, yielding a very pretty specimen of a tuberculous meningitis 
with a secondary suppurative meningitis superimposed. Smears of the 
pus in these ears were made in several instances and tubercle bacilli 
demonstrated. 

Associated lesions in the brain and meninges were commonly present, 
and consisted of oedema and hydrocephalus. The exudate in these 
cases is principally basilar, and consequently obstruction of the foramina 
of Luschka and Magendie is not uncommon, with resultant acute internal 
hydrocephalus. 

Passive congestion, cloudy swelling, and fatty degeneration of the 
parenchymatous organs were seen in a small proportion of these cases. 
An acute vegetative endocarditis was seen as an incidental postmortem 
finding in one case. 
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Pleural exudates were rather few. We have noted above the relative 
infrequency of fibrous pleuritis. ‘Two serous effusions, one serosanguin- 
eous effusion and one purulent effusion secondary to rupture of the lung 
were seen. 

Rachitic changes in the bones were observed grossly in 10 cases. Acute 
rickets in the children under two years of age was an almost universal 
observation clinically. 


SUMMARY 


1. Fifty-four cases of miliary tuberculosis in childhood are reviewed 
clinically. 

2. Complete autopsy findings are discussed in 35 of these. 

3. Tuberculous meningitis occurred in 80 per cent of the autopsied 
cases. 

4. Caseation of the tracheobronchial lymph nodes was universally 
present in the autopsied series. 

5. Caseous lesions within the lung tissue, which appeared to represent 
the primary nidus of infection, were noted in 24 cases, and pulmonary 
cavitation was seen in five. 


6. Caseation of mesenteric lymph nodes was present in 24 cases and 
was unaccompanied by advanced tuberculosis of the gastrointestinal 
tract in most instances. | 

7. The occurrence of suppurative otitis media as a concomitant 
lesion in these cases is noted. 
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THE INCIDENCE OF PLEURAL LESIONS AS SHOWN BY 
ROENTGENOGRAPHS IN CHILDREN KNOWN 
TO BE TUBERCULOUS 


A Clinical Study! 
‘LLOYD B. DICKEY anp L. H. GARLAND 


During the course of the work in the Stanford Children’s Clinic, which 
has been supported by the San Francisco Tuberculosis Association, we 
were surprised by the frequency with which roentgenological evidence 
of pleurisy was reported. During the first part of our study we had been 
interested chiefly in evidence of disease of parenchyma and hilar nodes. 
Pleurisy was, in a measure, an incidental finding noted by the roent- 
genologists, as we had not requested careful search for evidence of past 
or present pleural disease. They reported the pleura thickened when- 
ever it was visible. We then became curious to know what the actual 
incidence in our series would be if a very careful search were made for 
these lesions radiologically. 

The generally accepted belief that tuberculous pleurisy is quite rare 
in childhood, and especially in early childhood, would make interesting a 
study of any pleural lesions in children known to be tuberculous. 

Calmette (1) noted the rarity of serofibrinous pleurisy in young 
children until after the fifth or sixth year. In a study of a series of 45 
children with pleural effusions Neuland (2) concluded, after following 
and studying these patients for considerable periods of time, that many 
of them were suffering from nontuberculous pleurisy. He believed that 
children with pleural effusions have a much better chance for recovery 
than do adults with the same condition. In proof of this he submits the 
fact that 50 per cent of the adult cases with pleural effusions develop, 
usually within five years, clinical pulmonary tuberculosis. Eighteen of 
24 children followed by Neuland were symptomless from one to ten 
years after the onset of their pleural effusions, two developed pulmonary 
tuberculosis, and one had tuberculosis of the spine. All of the 24 chil- 
dren reacted positively to the Pirquet test. 


1 From the Departments of Pediatrics and Roentgenology, Stanford University Medica] 
School, San Francisco, California. 
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Nobel and Steinebach (3), in a series of 39 cases of pleural effusion in 
children, found that there remained marked abnormalities in about 10 
per cent, while in 41 per cent there were no demonstrable pleural ab- 
normalities on physical or roentgenological examination after periods of 
observation of from one to nineteen years. 

In a more recent report by Myers and Rollie (4) 2,000 children in an 
out-patient clinic were studied for evidence of pleurisy. They noted that 
“obviously not many acutely ill cases would be included in such a group.” 
In their series 126 cases gave definite histories of pleurisy, and in only 
17 of these did the physical and roentgenological examination elicit 
definite evidence of old pleurisy. Only 58 out of the entire group of 
2,000 studied showed definite evidence of. pleurisy from physical and 
roentgenological examination, and only 2 cases gave evidence of pleural 
effusions when examined, the others showing evidence of adhesions or 
definite pleural thickening. Twenty-four of the 58 cases gave definite 
histories of exposure, and 34 reacted positively to the Pirquet test. None 
of the cases in which the children were under three years of age showed 
any evidence of pleurisy. 

The children in our series were seen in the out-patient Children’s 
Clinic of Stanford University Medical School, some of them being later 
hospitalized. They were selected absolutely without reference to the 
presenting complaints, many of them coming to the clinic with none. 
We searched for roentgenographic evidence of pleural disease in a series 
of tuberculin-positive children (327 cases or about 700 roentgenographs) 
with a control series of tuberculin-negative children (50 cases or 100 
roentgenographs), such evidence being in the form of (1) pleural effu- 
sions, (2) pleural adhesions, and (3) pleural thickening (apical, parietal, or 
interlobar). Roentgenographs were taken in both anteroposterior and 
lateral projections, most of the laterals being from the right side. Evi- 
dence of diaphragmatic and pleuropericardial adhesions was sought for 
fluoroscopically. 

In the positive series all the children reacted positively to intracu- 
taneous tuberculin with a minimal reacting area of an erythema of 5 mm. 
in diameter. A dose of 0.1 mgm. of O.T. was used in the tests. 

In the negative series all cases reacting negatively to such a dose as 
given in the positive series were given a second test with ten times the 
dosage of tuberculin, or 1 mgm., and only those reacting negatively to 
this dose were selected for the group. Care was taken not to include 
patients in this control group who were in the active stage of an acute 
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infection, or who were recently convalescent from any of the exan- 
themata; this was done because it is generally conceded that a positive 
tuberculin reaction may become negative during the course of an acute 
infectious disease. 

In the series of 327 positive reactors, 234, or 71.5 per cent, showed evi- 
dences of pleurisy, such as we have enumerated, in the roentgenographs. 

One hundred and sixty-eight, or 51 per cent of the total sets of films 
examined, showed thickening of one or more of the interlobar septa. 

One hundred and seventy-two, or 52 per cent, showed apical pleural 
thickening; 49, or 15 per cent, showed unilateral right apical thickening; 
25, or 7 per cent, unilateral apical thickening on the left; and 98, or 30 
per cent, thickening over both apices. 

Nine, or 2.8 per cent, showed thickening of the pleura other than 
apical or interlobar. | 

Twelve, or 3.7 per cent, showed evidence of adhesions between the 
visceral and parietal pleurae. 

Eleven, or 3.3 per cent, showed evidence of pleural effusion by roent- 
genographs at the time of examination. Of these 11 cases, 6 were 
interlobar effusions, 5 occurring on the right side, 2 between the upper 
and middle lobes, 3 between the middle and lower. Of the 5 cases 
of effusion into the general pleural cavity, 4 occurred on the left side. 

Inasmuch as the lymph nodes of the pulmonary hilum receive lymph 
from the visceral pleura, and as pleural lesions must usually involve the 
visceral pleura, the incidence of hilum-node enlargement was noted. 
One hundred and seven, or 46 per cent of the total showing evidence of 
pleurisy, showed also distinct evidence of hilum-node enlargement; in 
11 cases the enlargement was very marked. In an unselected series of 
116 cases studied earlier (Seitz and Dickey (5)) without relation to 
evidence of pleurisy, 47, or 40 per cent, showed evidence of hilum-node 
enlargement. 

Of the 234 cases showing evidence of pleural lesions, 56, or about 24 
per cent, gave histories of exposure in the home to tuberculosis. Six 
of these gave histories of double exposure. One hundred and forty- 
eight, or 63 per cent, gave negative histories of exposure. In 9 cases the 
history was doubtful, and in 21 it was unknown. 

In the 93 cases showing no evidence of pleural disease, 24, or about 25 
per cent, gave histories of exposure in the home, none of these being 
double exposures. Fifty-four, or about 60 per cent, gave negative 
histories, in 6 cases the history was doubtful, and in 9 it was unob- 
tainable. 


PLEURAL LESIONS IN CHILDREN 407 


The incidence of a history of pertussis and measles in those showing 
evidence of pleurisy was about 52 per cent for the former disease and 
about 67 per cent for the latter. In about 10 per cent a history of 
pneumonia was obtained, and in 11, or 5 per cent, a history of in- 
fluenza. In 41 cases, or about 19 per cent of the 234, a reliable negative 


AGE GROUPS 
YRS 7-11 YRS__—12-15 YRS 


Explanation of Chart 1 


= Positive reactors 
= Negative reactors 
The percentage is shown in age groups of roentgenological lesions of all types in 327 
positive, and in 50 negative reactors to tuberculin. We feel that the two lines would ap- 
proach each other even more closely if the number of negative reactors had been equal to the 
number of positive reactors examined. 


history was obtained for these four diseases. In about 10 per cent of 
the cases the history was unknown. 

The age incidence of pleural lesions shows a slow rise from the begin- 
ning of the first year, but the incidence at the ages 1-2 is 58 per cent 
(chart 1). 
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The negative series, although the number is smaller, showed no 
significant variations in the percentages of any type of lesion, except that 
pleural effusions were absent. Thirty-seven, or 74 per cent, showed 
evidence of pleurisy of some type in the roentgenographs. Twenty-four, 


TABLE 1 


Showing percentages of various types of pleural lesions, paralleled for positive and negative 
tuberculin reactors 


PERCENTAGE OF PLEURAL LESIONS 


327 positive 50 negative 
tuberculins tuberculins 


Pleural lesions of all types 71.5 74.0 
Unilateral right apical thickening 15.0 20.0 
Unilateral left apical thickening 7.0 4.0 
Thickening over both apices ‘ 22.0 
Total cases of apical thickening , 46.0 
Thickening of interlobar septa oF 48.0 
Adhesions, basal or pleuropericardial : 2.0 
Pleural effusions ‘ 0.0 
Thickening of pleura other than apical or interlobar : 0.0 


TABLE 2 


Showing paralleled percentages in two groups having pleural lesions, of enlargement of hilum 
nodes by roentgenographs, histories of exposure, and histories of infectious diseases 


PERCENTAGES IN 


234 positive 37 negative 
tuberculins tuberculins 
showing pleural | showing pleural 
lesions lesions 


Enlargement of hilum nodes 46.0 40.5 
History of exposure 24.0 18.9 
History of: 

Pertussis 


or 48 per cent, showed thickening of one or more of the interlobar septa. 
Twenty-three, or 46 per cent, showed apical pleural thickening; 10, or 
20 per cent, showed unilateral right apical thickening; 2, or 4 per cent, 
unilateral apical thickening on the left; and 11, or 22 per cent, thickening 
over both apices. One case showed an adhesion between the visceral 
and parietal pleurae. 
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In 15, or about 40 per cent of the total negative cases showing evi- 
dence of pleurisy, there was distinct evidence of hilum-node enlarge- 
ment, in 3 cases the enlargement being very great. 

Of the 37 negative cases showing evidence of pleural lesions 7, or 
about 19 per cent, gave histories of exposure to tuberculosis; in one of 
these the exposure was double. Twenty-eight, or about 75 per cent, 
had negative histories, in one the history was doubtful, and in one it was 
unknown. 

In the 13 negative cases showing no evidence of pleural disease, 3, or 
about 23 per cent, had histories of exposure to tuberculosis, 9, or about 
69 per cent, had reliable negative histories, and in one it was not ob- 
tainable. 

Of the 37 in this control series that had evidence of pleurisy, there 
was a history of measles in 28, of pertussis in 16, of pneumonia in 3, 
and of influenza in 3. There was a negative history for these diseases 
in 7, and in one it was unknown. 

The incidence of the lesions in the two series, and of certain points in 
the history are paralleled in tables 1 and 2. 


DISCUSSION 


The roentgenographic evidence of pleural lesions depends upon the 
location and the extent of the lesions, and upon what the individual 
roentgenologist interprets as such. It is not difficult to correlate 
roentgen appearances with autopsy findings in adults, and we have found 
it easy to do so especially in the cases of the gross parietal and the 
interlobar thickenings. Obviously the paucity of cases coming to 
autopsy among the children we studied would prevent close correlation 
in this series, but we have no reason to believe that the pathological 
conditions found at autopsy in the pleurae of children would differ 
materially from those of adults. 

Pleural lesions may be divided for convenience into two types, those 
with effusions, and those without effusions. The former type is usually 
easy of interpretation, giving as a rule a typical homogeneous shadow, 
usually basal, and causing more or less mediastinal or cardiac displace- 
ment, depending on the magnitude of the effusion. Occasionally, of 
course, the fluid is parietal or apical, and then not always easy of dif- 
ferentiation from consolidations or cysts. There were no such types of 
effusion in our cases, however. 
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Pleural lesions without effusions may show as adhesions or as thicken- 
ing. Pleural adhesions are usually only reported as occurring at one or 
the other costophrenic or cardiophrenic angle, the reason being that 
these are usually the only sites where they can be appreciated. 

Pleural thickening will always show in a good roentgenograph when 
there is a less dense medium on each side, as in the thickened interlobar 
septa. It will usually show when it is parietal, and therefore caught 
“in foreshortening” for a distance of one or two centimetres, depending 
on the curvature of the chest-wall. Mediastinal and basal pleural 
thickening is rarely observed because the mediastinum and the diaphragm 
afford no roentgenographic contrast for thickened pleura. 

Parietal thickening, at least when it is greater than 0.5 mm., should 
not be missed in a good anterior projection; the aerated lung tissue can 
be seen separated from the bony chest-wall by a thin line of homogeneous 
greyness. 

Apical pleural thickening shows as a thin, curved line of density 
running parallel with the pulmonary substance but not merging with 
the rib shadows as they turn toward the vertebral column, nor with 
the edge of the scapular shadow at its upper vertebral end. The 
vertebral border of the scapula frequently silhouettes behind the costal 
curves, and may be mistaken for this apical thickening; the thinning 
out of the lower edges of the ribs is an even more likely source of error. 
However, after studying over one thousand chest roentgenographs, in 
this and in other series, we believe that these two sources of error can be 
excluded in the great majority of cases. 

Interlobar pleural thickening, as observed in our series of lateral 
roentgenographs, should never be missed, provided the shadows of an 
extensive effusion or consolidation do not obscure the region of the 
septa. As most of our lateral films are right laterals (that is, taken with 
the casette against the patient’s right axilla and chest-wall) the inci- 
dence of interlobar thickening on the right side is high. However we 
have lately been making many left lateral studies and we believe the 
thickening to be about equally frequent on that side. Such, of course, 
is only rational if one considers the parenchymoseptal lymphatic com- 
munications. 
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CONCLUSIONS 


1. In a series of chest roentgenographs of 327 children known to be 
tuberculous, and in a control series of 50, a surprisingly high incidence 
of pleural lesions can be demonstrated. 

2. A high incidence is shown in the larger positive series for the 1 to 2 
year age-group, the age at which evidence of tuberculous pleurisy, at 
least, is considered to be very rare. Fifty-eight per cent of patients 
examined at this age showed pleural lesions roentgenologically. 

3. Histories obtained of exposure (in the positive series) were not 
more frequent in those showing evidence of pleurisy; but all of the 
cases, 6 in number, giving histories of double exposure, showed evidence 
of pleurisy. 

4. No relation could be shown between pleural lesions and enlarge- 
ment of hilum lymph nodes. 

5. Pleural lesions in children with positive tuberculin tests were not 
more common than in those reacting negatively, except the pleural 
effusions. 
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THE DURATION OF LIFE IN PULMONARY TUBER- 
CULOSIS WITH CAVITY: 


HARRY L. BARNES anp LENA R. P. BARNES? 


The material for this article comprises 651 cavity cases diagnosed by 
physical signs, admitted to the State Sanatorium between 1905 and 1918, 
and 803 cavity cases diagnosed by X-ray and admitted between 1918 and 
1927. Theend-results on these 1,454 cavity cases were compiled, accord- 
ing to their condition, on January 1, 1927. All the cases were consecu- 
tive except for those ruled out because of some defect in history, or 
because the patients were known to have died of diseases other than 
tuberculosis, or because their present condition was unknown. As the 
present condition of over 97 per cent of the patients originally included 
in this series was ascertained, the number of cases ruled out because they 
were lost does not materially affect the percentages. 

Statistics concerning family history, haemoptysis, pleurisy, age, color, 
sex, and weight pertain to the 651 cavity cases diagnosed by physical 
signs. 


FAMILY HISTORY 


Of 296 patients with a history of tuberculosis in the family, 83.5 per 
cent died within 3 years, the average duration of life of the 279 who died 


being 16.5 months. 
Of 355 patients with a negative family history, 84.3 per cent died within 
3 years, the average duration of life of the 340 who died being 13.4 


months. 


HAEMOPTYSIS 


Of 296 patients with history of haemoptysis, 83.8 per cent died within 
3 years, the average duration of life being 15.1 months. 

Of 355 patients who denied haemoptysis, 84 per cent died within 3 
years, the average duration of life being 14.4 months. 


1 Read at the forty-fifth annual meeting of the American Climatological and Clinical 
Association, Washington, D. C., May 1, 1928. 
2 Wallum Lake, Rhode Island. 
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PLEURISY 


Of 408 patients who gave a history of pleurisy, 83.6 per cent died within 
3 years and the average duration of life of the 388 who died was 15.7 
months. 

Of 243 patients who denied pleurisy, 84.4 died within 3 years and the 
average duration of life of the 231 who died was 13.9 months. 


AGE 


The percentage that died in each 5-year age-period between 15 and 
60 years varied only slightly. The highest percentage of deaths was 
86.2 in the age-period 30 to 40, and the lowest percentage 82.2 in age- 
period 20 to 30. 

Of 4 patients over 60, 2 survived 3 years. The average duration of 
life of 525 patients who were under 40 when admitted was 14 months 
while the average duration of life in the group of 94 patients who were 
over 40 when admitted, was 20 months. 


COLOR 


Of 24 colored patients with cavity as diagnosed by physical signs, only 
1 survived 3 years, the average duration of life of the 24 patients being 
8 months. 

There were 33 other colored patients having cavities as diagnosed by 
X-ray, and none survived 3 years. 

Of 627 white patients 16.5 per cent survived 3 years; the average dura- 
tion of life of the 595 who died was 15.5 months. The white patients had 
about eight times as high a percentage of survivors as the colored. 


SEX 


Of 325 male patients 83.7 per cent died within 3 years, the average 
duration of life of 313 males who died being 16.2 months. 

Of 326 female patients 84.1 per cent died within 3 years, the average 
duration of life of 306 females who died being 14.1 months. 


WEIGHT 


Of 100 cavity patients 53 gained weight, their average duration of life 
being 23 months. There were 11 survivors. One patient neither lost 
nor gained. Forty-six patients lost weight, their average duration of 
life being 16 months, and of these there were 5 survivors. 


i 
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CAVITIES DIAGNOSED BY X-RAY 


AVERAGE 

DURATION 0 

Survivors after LIFE OF hl 
WHO DIED 


One year Three years Five years 


Number of 
living 

Number of 
cases 


TABLE 1 
Pulse 
Under 90 
90 to 100 
Over 100 


TABLE 2 
Temperature 
Usually under 99 
Frequently 99-100 
Frequently over 100 


TABLE 3 
Lungs having cavities 


TABLE 4 

Cavity location 
Above 3rd rib 
3rd to 5th rib 
Below 5th rib 


TABLE 5 
A pices with cavity 
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| Zz z |e lz 
85 | 43 | 50] 55] 21] 38116] 4 | 25 | 42 l18.0 
(2414 | 51 | 23 1127 | 20] 15] 44] 5 | 11 |13.0 
(317 | 33 | 10 [199] 17] 8] 70] 4] 5 |284] 6.0 
Totals. [127 | 20 |381 | 58 | 15 [130 | 13 | 10 /489 | 9.04 
(173 | 74 | 42 [113 | 36 | 32 | 47] 8117 | 99 {19.0 
{198 | 36] 18 [124] 11] 8139] 31] 7 |162 |11.0 
(2451171 6 (144/111 7144] 2] 4 | 4.0 
| 20 1381 | 58 | 15 |130 | 13 | 10 9.0+ 
| 59 | 26 [129 | 23] 17] 40] 2] 5 |164 [12.0 
Left... (220 | 52 | 23 [143 | 24116| 49! 9 | 18 |168 | 9.0 
1261 9 100] 2111361621 411571 7.0 
«(616 |127 | 20 [381 | 15 [130 | 13 | 10 [489 | 9.0+ 
Totals. «(331 | 79 | 23 37 | 20| 56] 8 | 14 [252 |10.5 
99 | 24] 24] 53] 11] 20/15] 0} 75 | 9.0 
Neither...............--.---/421 | 92 | 21 |270 | 41 | 15 | 98 | 12 | 12 |329 |10.0 i 
[127 | 20 |381 | 58 | 15 /130 | 13 | 10 9.0+ 
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CAVITIES DIAGNOSED BY X-RAY 
AVERAGE 
Survivors after 
WHO DIED 
One year Three years Five years 
& 
Zits |2 = 
TABLE 6 
Amount of involvement; parts 
50: | 28:| 56.|.22 | & | 36) 71.2 | 22 193.0 
74 | 28 | 37 | 52 | 18 | 34119 | 7 | 36] 46 {15.0 
127 | 33 | 26 | 75 | 12 | 16) 2] 7 | 94 |13.0 
Oo ne 181; 11] 6/117) 6] 5|39] O {170 | 6.0 
616 |127 | 20 |381 | 58 | 15 {130 | 13 | 10 |489 | 9.0+- 
TABLE 7 
Number of cavities 
334 | 91 | 27 | 38 | 19 | 61} 9 | 14 |243 /11.0 
209 | 30 | 14 1147 | 16} 11 | 56} 3] 5 9.0 
616 |127 | 20 |381 | 58 | 15 |130 | 13 | 10 |489 | 9.0+ 
TABLE 8 
Sizein cm. 
165 | 51 | 30 | 93 | 23 | 24] 20] 31] 15 |114 | 9.0 
162 | 29 | 17 | 11 | 10 39 | 2] 5 |12.0 
105 | 18 | 17 | 75 2] 7) 87) 8.0 
103 | 20} 19 | 61 | 10 | 16} 23 | 1] 4/1] 83 |10.0 
51 7|13|34| 5|14]13] 23 | 44} 7.0 
616 |127 | 20 /381 | 58 15 |130 | 13 | 10 |489 | 9.0+ 


Of 16 patients who exceeded normal weight the average duration of 
life was 34 months and there was one survivor. 

Information concerning conditions which it was believed might 
influence the duration of life in cavity cases, is presented in tables 1 to 8. 
The 616 cavity cases included in the tables all had cavities larger than 
2 cm. in diameter. 
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SPUTUM EXAMINATIONS 


Of 616 cases diagnosed by X-ray as having cavities larger than 2 cm. 
there were no records of sputum examinations in four, and of the 612 
cases in which the sputum was examined tubercle bacilli were found in 
606 or 99 per cént. Of the 6 cases in which tubercle bacilli were not 
found, 2, or 33.3 per cent, were alive three years later, as against 15 per 
cent of patients having positive sputum. 


PULSE 


The pulse furnishes a valuable indication of the outcome in cavity 
cases. Of patients in whom the pulse was usually under 90, 50 per cent 
lived a year and 25 per cent lived 5 years. Of patients in whom the pulse 
was usually over 100, only 10 per cent lived a year and 5 per cent for five 
years. 


FEVER 


The body temperature is also a valuable factor in estimating the prog- 
nosis of cavity cases. Of patients whose temperatures were usually 


under 99°, 42 per cent lived a year and 17 per cent five years, while of 
patients whose temperatures were frequently (at least twice weekly 
during the first month of observation) over 100° only 6 per cent survived 
one year and 4 per cent five years. The higher and more persistent the 
fever, the shorter the duration of life. 


LOCATION OF CAVITY 


Table 3 shows that patients with cavities in the right lung had only a 
slightly greater percentage of survivors up to three years after coming 
under observation; their average duration of life was 2.4 months longer 
than patients having cavities in the left lung only. 

Patients with a cavity involving the right apex had a much higher 
percentage of survivors during the first three years than those with a 
cavity of the left apex. 

Table 4, giving the location of the cavities, includes cases having one 
cavity only. Ninety-seven per cent of these cavities were above the 
upper border of the 3rd rib. 

Of 18 patients having a cavity below the third rib, the number of 
survivors for three years was slightly greater than those having a cavity 
above this level, but the numbers are insufficient to give dependable 
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figures. In this series of cases no X-ray evidence of cavity was found 
below the lower border of the fifth rib. 


AMOUNT OF INVOLVEMENT 


In classifying cavities according to their location in the lungs in table 
4, and in estimating the involvement as shown by X-ray in table 6, each 
lung has been divided into three parts as follows: 


1: Above 3rd rib. 
2: From the upper border of the 3rd to the lower border of the 5th rib, 
3: Below the 5th rib. 


In this series of cases the mortality at the end of the first and third 
year periods was in direct relation to the amount of involvement. With 
so many divisions the numbers were insufficient to judge accurately of 
survivors for the five-year period. 


NUMBER OF CAVITIES 


In the first three years after coming under observation the percentage 
of survivors is almost constantly less, the greater the number of cavities. 
The average duration of life is less among patients having three cavities 
than among those having two cavities, and less with those having two 
cavities than with those having one. 

A sufficient number of cases having four and five cavities, to allow of 
reliable statistics, might be expected to bring equally consistent results. 
Of 17 cases having more than three cavities, none survived a year. 


SIZE OF CAVITIES 


In classifying cavities according to size, the longest dimension on a 
film taken in the posteroanterior position, at 28 inches distance, with the 
focus of the tube at the level of the 4th to the 6th dorsal spines, was 
measured in centimetres. In cases with multiple cavities the size of the ‘ 
largest cavity was given. Unfortunately, additional films taken with the 
patient in the lateral position were not available. It would have been 
more satisfactory to have classified cases according to the total area of 
excavation, had this been possible. 

Patients having cavities between 2 and 3 cm. in size had over four 
times as great a percentage of survivors at the end of the first year, and 
over 50 per cent more at the end of the third year, than patients having 
cavities between 10 and 15 cm. in size. 
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Eighty-nine per cent of the 81 patients having cavities larger than 7 
cm. died within a year. Of the two patients with cavities larger than 15 
cm. one survived one month and the other two months. 


SMALL CAVITIES 


Of 122 patients with small cavities (1 to 2 cm.) 37, or 30 per cent, sur- 
vived 1 year. Of 76 patients in which 3 years had elapsed 14, or 18 per 
cent, survived. Of 18 patients in which 5 years had elapsed, 3, or 16 per 
cent, survived. Patients with small cavities, as compared with patients 
with large cavities (2 to 15 cm.), have about 50 per cent more survivors 
at the end of the first year, and yet the seriousness of even a small cavity 
is shown by the fact that 82 per cent are dead in 3 years. This suggests 
that many of the large cavity cases originally had small cavities which 
have grown in size. The average duration of life of the 85 patients in 
this small-cavity class, who have died up to the present time, is 11.1 
months. 


HONEYCOMBING 


Of 65 patients with honeycombing (multiple cavities under 1 cm.) 15, 


or 23 per cent, survived 1 year. Of 45 patients in which 3 years had 
elapsed, 8 or 17 per cent, survived and of 18 patients in which 5 years had 
elapsed, 3, or 16 per cent, survived. The patients with areas of honey- 
combing had only a slightly higher percentage of survivors at the end of 
the one- and three-year periods than had patients with larger cavities. 
The average duration of life of the 52 honeycomb patients who have died 
thus far was 9.6 months. 


THE CAVITY WALLS 


In 331 cases having a single cavity the distinctness and completeness of 
the cavity walls were classified as slight, medium and marked, according to 
the X-ray appearance. 

Of 90 cases having slight cavity walls, 16, or 17 per cent, survived 1 
year. 

Of 107 cases with medium cavity walls, 31, or 28 per cent, survived 1 
year. 

Of 134 cases with marked cavity walls, 44, or 32 per cent, survived 1 
year. At the end of 3 years the percentage of survivors was for those 
with slight walls 12 per cent, with medium walls 22 per cent, and with 
marked walls 24 per cent. 
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The average duration of life of those who died was 9 months for the 
74 cases with slight, 11 months for the 76 cases with medium and 11 
months for the 90 cases with marked cavity walls. 


CALCIFICATION 


Sixty-four cases showing X-ray appearances of calcification were 
classified as to the amount of evidence of calcification as slight, moderate 
and marked. It is recognized that some cases with X-ray appearance of 
calcification show only spots of marked fibrosis at necropsy. 

The 41 cases of this series showing only slight evidence of calcification 
and the 5 cases classified as with moderate calcification had no better 
prognosis than other cases, but the 18 cases with marked X-ray evidence 
of calcification had 40 per cent of survivors at the end of 3- and 5-year 
periods, or 3 times as many survivors as ordinary cavity cases. The 
numbers, while too small to give reliable statistics, are suggestive. 


PLEURAL THICKENING 


Cases showing X-ray evidence of pleural thickening were classified as 
to the extent of the thickened area, the terms slight, moderate and 
marked being used. 

Of 72 cavity cases in which the pleural thickening was slight, 14, or 19 
per cent, survived 1 year. 

Of 39 moderate cases 7, or 17 per cent, survived 1 year. Of 28 marked 
cases 8 or 28 per cent, survived 1 year. 

At the end of 3 years those classified as having slight pleural thickening 
had only 11 per cent of survivors and, after 5 years had elapsed, of 12 
cases none survived. 

Of 17 cases with marked pleural thickening, after 3 years 7, or 41 per 
cent, survived and of 6 cases after 5 years 2, or 33 per cent, survived. 

When the pleural thickening was marked over an area equal to the 
greater part of one lung, the percentage of survivors was considerably 
increased. 


SERIOUS COMPLICATIONS 


Of 89 cavity cases having tuberculous laryngitis as a complication, 79 
died within a year, the average duration of life being 6 months. 

Of 17 cases of tuberculous enteritis none survived a year, the average 
duration of life being 5 months. 
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Of 11 cases of diabetes 3 survived one year, the average duration of 
life being 3 months. 

Of 15 cases with albuminuria, 3 survived a year, the average duration 
of the 12 who died being 7 months. 

Of 11 cases of spontaneous pneumothorax, none survived a year, the 
average duration of life being 4 months. 

Forty-eight per cent of 39 cases of artificial pneumothorax survived 
one year, the duration of life in the 19 cases that died being 13 months. 
Pneumothorax treatment greatly improves the outlook. 


COMMENT 


The duration of life in all cavity cases diagnosed by physical signs has 
been computed from the date of admission if cavity signs were found on 
admission, and in cases diagnosed by X-ray it has been computed from 
the date the cavity was first found on the film, which was usually a day 
or two after admission, because the date of cavity formation was unknown. 
This gives us figures comparable to routine work in hospitals and private 
practice, where the date of onset of the cavity is usually unknown. 


In order to determine, so far as possible, how much the duration of life 
would have been lengthened had we known the exact date of the forma- 
tion of the cavities, we went over our records to find cases in which 
earlier examinations had failed to find cavity signs, and computed the 
duration of life from the time when cavity signs were first discovered. 
While the uncertainties of finding cavities by physical examination are 
realized, yet the finding of cavity signs where they have not been found 
previously, accompanied as they often are by febrile attacks, increased 
cough, etc., indicates recent cavity formation in a large percentage of 
cases. 

Of 270 patients whose cavity signs were first found while in the insti- 
tution, the average duration of life was 15.8 months. There were 20 
other patients, whose cavities developed while in the Sanatorium, 
who survived. Had these 20 patients all died on the day these statis- 
tics were compiled and their life durations added to that of the 270 cases, 
it would have made the duration of life of this entire group of cases 24 
months. 

Of 347 patients whose cavity signs were found on admission the 
average duration of life was 14.9 months. 

So little difference in the duration of life computed from the formation 
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of the cavity in one series, and from the date of admission in a second 
series, may be explained as follows: 

During the period 1905 to 1917, inclusive, the cavity cases admitted 
were slightly more favorable than they would have been had not some of 
the cases, which were rapidly progressive or near their end, been refused 
admission. 

On the other hand, patients developing cavities while in the Sana- 
torium, no matter how acute, were all included. 

It is possible that patients, who developed cavities while in the Sana- 
torium under the best conditions, were more unfavorable in type than 
patients who developed cavities while at home and at work. 

Unquestionably, many patients are hospitalized shortly after cavity 
formation, because tubercle bacilli are readily found at this time, and 
the fever, increased cough and toxaemia, which usually accompany 
cavity formation, convince the patients that institutional treatment is 


necessary. 

The shorter duration of life in the X-ray cases was due to our giving up 
the policy of refusing admission to the most unfavorable type of cases, 
shortly before the installation of the X-ray plant, and also to the fact that 


the duration of life is computed to date and the cases diagnosed by X-ray 
have been discharged a much shorter time. 

With the lapse of several more years, when more long-time survivors 
shall have died, and their life-durations have been added, it is not unlikely 
that the average duration of life of the cases diagnosed by X-ray may 
equal, or even exceed, that of cases diagnosed by physical signs. 

The question may be raised as to whether the 616 cases, in which the 
writer diagnosed cavities from X-ray films, really had cavities. 

The facts were kept in mind that the borders of ribs, lung-markings, or 
areas of normal lung between consolidated areas may, by accident, form 
outlines which simulate cavity walls, and deceive those who are too 
enthusiastic in finding cavities. Two cases suspected of being pleural 
annular shadows, several cases in which pneumothorax was present or 
suspected of being present on the same side as the cavity, and all cases 
considered doubtful, were excluded. 

As a check on the diagnosis of cavity by X-ray, the writers interpreted 
a series of 53 films and compared these interpretations with the necropsy 
reports. In one case, in which a cavity was diagnosed by X-ray but not 
found postmortem, the lung had been completely collapsed by pneumo- 
thorax after the film was taken, and it seems hardly fair to count this as a 
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mistake of X-ray interpretation. In a case having X-ray evidence of a 
large cavity it is likely that the cavity was found and not noted in the 
necropsy records, and another case having X-ray evidence of a cherry- 
sized cavity may have been overlooked at necropsy. In the remaning 
50 cases the necropsy records showed cavities conforming in location to 
the X-ray interpretation. Charging these two mistakes against the X- 
ray interpretations gives an accuracy of 96 per cent. If cases doubtful 
to X-ray be excluded and postmortem lung dissections and notes on them 
are thoroughly made, the accuracy of X-ray diagnosis of cavity should be 
close to 100 per cent. In 20 of the above series of 616 cases the X-ray 
evidence of cavity was confirmed by necropsy. 


PROLONGED SURVIVAL AND CURE 


Of 651 cavity cases diagnosed by physical signs, 32 patients, or 5 per 
cent, have survived over ten years, 5 have survived over 15 years, and two 
have lived over twenty years, but there are too few cases to give statis- 
tics of survival at these longer periods. 

Disappearance of the X-ray signs of cavity, combined with the clearing 
of mottled areas in the surrounding lung tissue, is rare, but we have 
records of 9 such patients all of whom are working and in good health. 
Four of these patients are included in this series. 

Of 651 cavity cases diagnosed by physical signs alone, in the years 1905 
to 1918, inclusive, 619, or 95 per cent, are dead, the average duration of 
life being 15 months. 

Of 616 cases with cavities larger than 2 cm., as diagnosed by X-ray 
films in the years 1919 to 1925, inclusive, 489, or 79 per cent, are dead, the 
average duration of life being 9+ months. 

Of 122 cases with cavities 1 to 2 cm., diagnosed in the years 1919 to 
1925, inclusive, 85, or 69 per cent, are dead, the average duration of life 
being 11 months. 

Of 65 cases with multiple cavities smaller than 1 cm. (honeycomb) 51, 
or 78 per cent, are dead, the average duration of life being 9+ months. 
This gives a total of 1,454 cavity cases, of which 1,244, or 85 per cent, are 
dead, the average duration of life being 12+ months. 

Patients who survive several years are likely to stick in the memory, 
while the majority, who die within a comparatively short time, are soon 
forgotten. 

Those who compile statistics should reflect that a vast number of acute, 
rapidly fatal cavity cases are not sent to health-resorts. 
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As our institution has for ten years admitted patients without selection 
from all communities of the State and treats a high percentage of all 
who die of tuberculosis in Rhode Island, its statistics have a broad 
foundation. We do not treat wealthy patients, but the number of these 
is too small to affect materially the percentages of the community as a 


whole. 


SUMMARY 


1. 1,454 cavity cases are reviewed: 
80 per cent died within 1 year. 
82 per cent died within 2 years. 
85 per cent died within 3 years. 
90 per cent died within 5 years. 
95 per cent died within 15 years. 

2. The average duration of life of 270 cavity cases, from the appearance 
of the cavity signs to death, was 15.8 months. Had the remaining 
survivors died the day the statistics were compiled, it would have raised 
the average duration to 24 months. 

3. Ninety-nine per cent of 616 cavity cases diagnosed by X-ray had 
tubercle bacilli in the sputum. 

4. A family history of tuberculosis, a history of haemoptysis, or the age 
of the patient, did not materially affect the prognosis. 

5. Only 1 of 57 colored patients survived three years. 

6. The average duration of life was 16 months in males and 14 months 
in females. 

7. The percentage of survivors after three-year and five-year periods, 
among patients with pulse under 90, was five times as great as among 
patients with pulse over 100. 

8. The percentage of one-year survivors was over three times as great, 
and of five-year survivors eight times as great, among patients with tem- 
perature under 99°, as among patients with temperature over 100°. 

9. Right-lung cavity-cases had slightly more survivors and lived 
slightly longer than left-lung cavity-cases. 

10. The percentage of one- and three-year survivors was in direct 
relation to the amount of pulmonary disease. 

11. The duration of life bore a direct relation to the number of cavities. 
Of 17 cases having more than 3 cavities, none survived a year. 

12. Eighty-eight per cent of patients having cavities larger than 7 cm. 
died within a year. 
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13. Small cavity-cases (1 to 2 cm.) have about 50 per cent more sur- 
vivors at the end of the first year than have large cavity-cases (2 to 15 
cm.), but 82 per cent of the small cavity-cases died within 3 years. 

14. Honeycomb cases are about as serious in outlook as cases with 
cavities of average size. 

15. Patients with well-formed cavity-walls had a slightly longer dura- 
tion of life. 

16. Patients with well-marked X-ray evidence of calcification had a 
greater percentage of survivors. 

17. Patients with X-ray evidence of pleural thickening over the greater 
part of one lung had a higher percentage of survivors. 

18. Of the 1,454 cavity cases reviewed, 1,244, or 85 per cent, are dead 
and the average duration of life was 12+ months. 
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TUBERCULOUS GRANULOMA OF THE BRONCHUS 
Report of a Case 


PHILIPP SCHONWALD! 


The patient, an unmarried white female, 33 years old, was first seen on 
February 3, 1927, at the Riverton Sanatorium. 


History 


Both parents living and well. No childhood diseases. Tonsillectomy, 1922. 
Family history negative. Had been well and working as stenographer until 
October 26, 1925, when she developed abdominal symptoms simulating appen- 
dicitis. Appendicectomy performed December, 1925, and gross evidence of 
tuberculosis of peritoneum found. Uneventful recovery. In February, 1926, 
began to cough and expectorate: mucus very thick and tenacious, and fre- 
quently caused emesis. Most recent development a daily afternoon tempera- 
ture up to 99.4°. Voice gradually became hoarse. 


Status Praesens 


Well nourished, weight 128 lbs., tongue badly coated, teeth in good repair. 
Both vocal cords thickened and red, left false cord swollen, and interarytenoid 
space swollen and ulcerated. No dulness in lungs. Loud coarse squeaking 
bronchitic rales equally throughout both lungs. On X-ray, both apices 
wide and clear, right lower lobe somewhat atelectatic and mottled, and some 
peribronchial thickening on both sides. Mediastinal shadow extended into 
right lung field, slightly bulging at aortic arch. The sputum loaded with 
tubercle bacilli. Pulse 86, regular, full; temperature 99.6°. 


Therapy 


Open-air rest-cure; quartz and natural sunlight applied to larynx with laryn- 
geal mirror and quartz-light irradiation of whole body. 

Patient improved, voice became clear and vocal cords normal, swelling of 
false cord disappeared, and ulcer apparently healed. No appreciable change, 
however, in temperature, expectoration and occasional vomiting. Left Sana- 
torium, May 18, and continued rest-cure at home, coming to office twice weekly 
for quartz-light treatment. No further improvement. Sputum became even 


1 Riverton Sanatorium, Seattle, Washington. 
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more tenacious and harder to expectorate. Patient reported choking spells 
and frequent vomiting. Expectorants, taken internally, gave no relief. Ty- 
berculin Liniment (Petruschky) introduced without more noticeable effect 
than slight lowering of temperature. 

On June 27, complained of pain in right chest. Loud and coarse bronchitic 
rales were audible, more distinct over left lower lobe: no pleuritic rub. 
Fluoroscopy negative, except for elevated and immobilized right diaphragm. 
It became more and more evident that there was an obstruction present 
somewhere in the bronchial tract. Bronchoscopy performed, July 3 (Dr. 
Waltz). 


Bronchoscopic Findings 


Trachea and left main bronchus normal. A reddish swelling, about the size 
of a lima bean, at the bifurcation, reduced the opening of the right main bronchus to 
a narrow slit. 


Diagnosis 


Tuberculous granuloma of the mucosa at the bifurcation, or tuberculous tracheo- 
bronchial lymph node, bulging and broken down into the bifurcation. Upon 
suggestion of Dr. P. P. Vinson, head of the Section of Peroral Endoscopy at 
the Mayo Clinic, with whom the writer had corresponded on the subject, deep 
X-ray treatment was instituted. 


Subsequent Course 


Roentgenograph, taken August 16, again showed mediastinum bulging into 
right lung field and very little air in lower half of right lung,—apparently 
atelectasis; mottling throughout atelectatic area; trachea was pulled to right. 
At that time breath-sounds were inaudible in the right lower lobe except on 
forced deep inspiration. 

X-ray treatments had no influence, and patient’s condition gradually grew 
worse. Vomited frequently; was seldom free from loud rattling in chest; 
coughed considerably, and had great difficulty in expectorating small pieces of 


Fic. 1. Roentgenograph taken February 6, 1927. Note mediastinal shadow extending 
into the right lung field. Atelectasis and mottling of right lower lobe. 

Fic. 2. Roentgenograph taken August 16, 1927. Note bulging of mediastinal shadow 
into left lung field and increased atelectasis and mottling of lower half of right lung. 

Fic. 3. Roentgenograph taken November 6, 1927. Pneumothorax of right upper lobe. 
Considerable mottling throughout right lung, especially at base of upper lobe and very dense 
in lower lobe. 

Fic. 4. Trachea and lungs removed at autopsy: A: Extreme narrowing of right main 
bronchus at bifurcation; bronchial wall ulcerated and extremely thickened. B: Normal 
left bronchus. 
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a very elastic and cohesive yellow mucus, which always contained numerous 
tubercle bacilli. At night suffered frequent choking spells, causing her to 
jump up and try to cough loose sticky sputum obstructing deep air-passages. 
Adrenalin inhalations and attempts at postural drainage were without result. 
Quartz-light brought about slight improvement in appetite only. 

On evening of November 2, the patient had a severe choking spell. She fell 
unconscious on the bed, and her face and hands turned blue and cold. How- 
ever, after a few seconds she had regained her breath. When seen one-half 
hour later she was comparatively comfortable although her breathing was 
labored and accompanied by a loud noise in the trachea. During the next few 
days she was extremely miserable. Expectoration had ceased, and she re- 
ported more frequent choking spells. On November 6 she was moved to the 
hospital, where another roentgenograph was taken. X-Ray Findings: Spon- 
taneous pneumothorax in right chest, with collapse of right upper lobe; con- 
siderable mottling throughout balance of right lung, especially heavy in the 
lower lobe; heart displaced to right; left side apparently normal. 

It had been decided to instil lipiodol into the trachea, and repeat the X-ray 
examination that same evening. A bronchoscopic examination was planned 
for later, but at 4 P.M. the patient suffered a severe choking spell and died of 


asphyxia. 
Autopsy Findings 


Spontaneous pneumothorax of right lung. Dense pleural adhesions extended 
across this pneumothorax. The pleura densely adherent over rest of lung. 
No pathological changes in left lung other than compensatory emphysema. 
Left bronchus and subdivisions filled with thick gelatinous mucopurulent 
exudate, which had been inhaled from right bronchus. The trachea was 
opened downward: a moderate quantity of thick mucus clung to wall through- 
out length of trachea. At bifurcation, right bronchus filled with a caseous 
mucus, which was very elastic and tough. This material had apparently 
accumulated in right bronchus and had been aspirated into left bronchus, 
completely obliterating its lumen and causing asphyxiation. Wall of right 
bronchus showed marked thickening in submucosa. Mucosa itself showed 
tuberculous ulcers, and was extremely thickened, due to round-cell infiltration 
caused by tuberculous infection. There were scars on vocal cords from old 
tuberculous laryngitis. One of these areas was an open ulcer. 

Death was caused by asphyxiation, due to inhalation of mucus from the 
right into the left bronchus. Tuberculosis of the entire right lung and left 
bronchus. 


TUBERCULOUS GRANULOMA OF BRONCHUS 


DISCUSSION 


Such cases are extremely rare or at least are very seldom diagnosed. 
Bronchoscopy in this case made it possible to arrive at the correct 
diagnosis during life. 

The unfortunate factor in this case was the location of the granuloma. 
In a more accessible place it would have been possible to treat and cure it. 
As it happened, the patient could breathe as long as the right lung fur- 
nished enough air to expel the mucus and drain, at least in part, both 
bronchus and trachea. The collapse of the right upper lobe, evidently 
brought about by severe coughing spells, caused stagnation of the sticky 
mucus at the bifurcation and its aspiration into the left bronchial tree, 
finally leading to asphyxiation. Another characteristic feature of this 
case was the unusual viscosity of the tuberculous mucus. When stand- 
ing in the air it would congeal and form a gelatinous rubber-like mass. 
It contained a large quantity of tubercle bacilli, and apparently there 
was no mixed infection. (Under certain circumstances tubercle bacilli 
may cause a gelatinous transformation of their culture medium. This 
has been demonstrated by Weleminsky in Prague, who observed this. 


phenomenon in the medium of tubercle-bacillus cultures which he had 
successively propagated for more than ten years.) 


SUMMARY 


A case of tuberculosis is presented, in which a tuberculous laryngitis 
and a granuloma in the mucosa of the right bronchus at the bifurcation 
developed after a spontaneous cure of tuberculous peritonitis. The 
laryngitis improved greatly, but the narrowing of the right bronchus 
caused stagnation of purulent material in the right lung, followed by 
atelectasis of the right lower lobe, the spread of the infection throughout 
the entire right lung, and finally spontaneous pneumothorax of the right 
upper lobe. The mucus, presenting almost a pure culture of tubercle 
bacilli, was of extreme viscosity, and its stagnation, after the pneu- 
mothorax had prevented cough, brought about asphyxiation. 
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BRONCHOLITHIASIS 
Report of a Case! 


BARNET P. STIVELMAN 


The occurrence of “‘lung-stones” has been known since the days of 
Aristotle and Galen, but a comprehensive clinical report did not appear 
until 1600, when Schenck (1) recorded his observations. 

Richard Morton (2), in 1689, spoke of 14 types of pulmonary tubercu- 
losis, one of which he felt was produced by pulmonary calculi. Boer- 
haave, in 1744, recorded the famous case of a preacher who in the course 
of many years expectorated 400 stones, and died at the age of 55 with 
signs of phthisis calculosa. Indeed, the belief in the tuberculous nature 
of pulmonary concretions was not challenged, according to Legry (3) 
until 1810, when Bayle (4) insisted that they may be formed in lungs 
free from tuberculosis. 

Poulalion’s masterful description (5) of such concretions has not yet 
been surpassed. He maintains that histologically these so called lung- 
stones may be cartilaginous, osseous or true calcareous productions, and 
may originate anywhere in the pleuropulmonary tissues, when they are 
designated pneumoliths. On the other hand, when these concretions 
originate in the normal or accidental (pathological) spaces of the respira- 
tory apparatus they are called broncholiths and are almost always of true 
stony consistency. 

These calcareous deposits may be formed in tissues which show no 
discernible alteration of structure and may pass unrecognized for many 
years until expelled by a fit of coughing, or, indeed, they may be found 
after death from nonpulmonary disease. Perhaps one of the largest 
“silent” lung stones ever observed, and one which measured 10x 4x4 
cm., was found in Thevenot’s case (6) in which death resulted from 
mitral stenosis. However, it is noteworthy that in the vast majority 
of reported cases definite evidence of extensive pulmonary processes 
could be easily elicited. 

It is a matter of common knowledge that caseating pulmonary tissue 


1 From the Tuberculosis Service, Riverside Hospital, Health Department, New York City. 
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; most capable of undergoing calcareous transformation, yet the occur- 
ence of stony concretions in the tuberculous is exceptional. In over 5,000 
ases personally observed only the instance to be described has come to 
ry attention. It is true that patients with advanced phthisis not infre- 
uently complain of raising sandy sputum, which is probably derived 
rom disintegrating calcified foci, but the material expectorated is amor- 
‘hous and cannot be considered in the category of lung stones. 

Nontuberculous pulmonary lesions may also undergo calcareous de- 
eneration and give rise to the formation of lung-stones. Pulmonary 
ifarcts, areas of bronchopneumonia, cysts, tumors, actinomycosis, and 
niliary abscesses of the lungs have at times been found to be the under- 
ying factors in lung-stone formation, but it is a curious fact that pul- 
nonary lithiasis has rarely, if ever, been found in patients with silicosis. 
-ancoast (7), in a vast experience with this disease, did not observe a 

single case in which silicosis and lung-stones coexisted. 

It is pertinent to mention that there are other forms of calcareous 
transformation of pulmonary tissue which are not distinctly related to 
jung-stones; namely, calcareous metastasis from bone tumors, osteo- 
malacia, leukaemia as described by Wells (8), and extensive calcification 
of the pulmonary parenchyma as a distinct disease has been recently 
described by Harbitz (9). This observer reported a most interesting 
instance of pulmonary calcification in which the cut surface of the lung 
had the appearance of sandpaper and the organ weighed six times the 
normal. Harbitz stresses the point that this condition was not second- 
ary to any affection of the bones or to abnormal calcium metabolism. 

Other sources of lung-stones are calcified tracheobronchial lymph nodes 
which ulcerate through a bronchus to form broncholiths, as well as 
rhinoliths, tartar about the teeth, and calcium deposits about the tonsilar 
crypts and pouches of Morgagni, which may be aspirated to form the 
nuclei of future broncholiths. 

The diagnosis of bronchopulmonary lithiasis is usually made when 
he stone is brought up after a fit of coughing. It may be made roent- 
enographically, but rarely if ever on physical exploration of the chest. 
“he manner in which the stone is brought up is often characteristic. 

‘he patient may be seized with a fit of coughing, expiratory dyspnoea, 
nd marked and loud wheezing, which very closely resemble an asth- 
iatic attack. This usually lasts until the stone is expelled. Haemop- 
ysis in varying degrees may follow the attack. This clinical manifesta- 
ion of the expulsion of lung stones is aptly referred to by the French as 
oligue bronchique. 


3 (6 17 


Fic. 1. Roentgenograph of chest showing infiltration of right upper lobe with cavitation 
at outer aspect of first interspace; extensive infiltration and cavitation in upper two-thirds 
of left lung, and thickening of right upper interlobar septum. Scattered throughout both 
lungs are numerous dense shadows of various sizes and forms, the broncholiths. 

Fic. 2. Shows some of the broncholiths expectorated while at the Hospital. 
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BRONCHOLITHIASIS 


Case Report 


E. U., an Austrian stone-grinder, age 51, was admitted to the Riverside 
Hospital, January 27, 1925, complaining of weakness, occasional afternoon 
fever, loss of weight, frequent spasmodic cough followed by profuse expectora- 
tion, and expulsion of lung-stones. His mother died at the age of 49 of chronic 
lung trouble. 

He claimed to have had “pneumonia” in 1895, 1908 and again in 1912. He 
made a complete and uneventful recovery after each attack. ‘Rheumatic 
fever” incapacitated him for a long period in 1919. He had frequent attacks 
of pleurisy since 1920, but shortness of breath on exertion was first noted in 
1921. 

His distressing cough began in February, 1924, and this was soon followed 
by loss of weight and strength. His first haemoptysis occurred in May of the 
same year, and was closely followed by morning chills, evening fever and night- 
sweats, but it was not until November, 1924, that after a severe spasmodic 
attack of coughing he expectorated two small lung-stones. 

Physical exploration of the chest disclosed extensive emphysema and evi- 
dence of fibroid phthisis, with bilateral cavitation and questionable silicosis. 
There was a short systolic murmur at the apex and an accentuated second 
heart-sound at the pulmonic area, but no definite cardiac enlargement. The 
patient’s nails were appreciably curved and the fingers slightly clubbed. The 
blood-pressure was 130 systolic and 80 diastolic. Urine examinations, as well 
as Wassermann tests of the blood, were negative. The sputum, at first nega- 
tive, was soon found to contain many tubercle bacilli. 

A roentgenograph of the chest corroborated the diagnosis of bilateral fibroid 
phthisis and questionable silicosis, and showed in addition numerous densely 
calcified nodules of varying sizes and forms scattered throughout both lung 
fields. These shadows might not have been interpreted without difficulty 
were it not for the history of stone-spitting. 

Chemical analysis of these concretions proved them to be chiefly a mixture 
of calcium phosphate with lesser amounts of calcium carbonate impregnated 
with particles of carbon. 

During his stay at the hospital the patient showed no signs of improvement. 
His cough increased in severity and his evening fever mounted persistently. 
There were progressive dyspnoea and loss of weight and strength. The severe 
paroxysmal cough recurred at varying intervals, and the patient expelled more 
than 40 stones while at the hospital. On August 7, 1925, he developed an 
extensive spontaneous pneumothorax on the left side and, in spite of measures 
taken to relieve the increased intrapleural pressure, he died on the 12th of the 
following month. 
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SUMMARY 


Here we have a patient who was engaged in an occupation which was 
the direct cause of his silicotic lung process. ‘The development of phthisis 
in such cases is of the most common occurrence and our patient was not 
spared this complication. No light can be shed on the etiology of the 
multiple lung-stone formation, although it is possible that the irritating 
silica-dust particles, in addition to calling forth their distinctive reaction, 
also formed the nuclei of future calculi. 

Definite bronchial colic accompanied the expulsion of the lung-stones, 
and it is fair to assume that one of these attacks of forced expiratory 
dyspnoea was the cause of the rupture of the left lung at a point already 
weakened by a tuberculous process or a subpleural emphysematous bleb. 
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BRONCHIAL IRRIGATION 
A Preliminary Clinical Report 


C. L. WAYMAN! 


The writer hopes it will be clearly understood that we have no wish 
to disparage the rest-cure as treatment for pulmonary tuberculosis, and 
no quarrel with the advocate of artificial pneumothorax. We use them 
both, and we are convinced that thoracoplasy has its place. However, 
all who have spent many years in the care and treatment of tuberculosis 
and diseases of the lungs well know that after the use of any or all of these 
measures desired results are not universal. We are well aware, too, that 
relief by these methods requires a long hard fight, and, when the result 
obtained is all that may be hoped for, it is an arrest, not a cure. 

Untold numbers of victims of tuberculosis have gone to bed with a 
determination to stay there until an arrest was had, have stayed as long 
as they could, have got up to stretch their muscles, and have returned to 
bed with an increased temperature. The rest-cure becomes monotonous 
toallofthem. Artificial pneumothorax has its objections. As the air is 
absorbed from the pleural cavity the lung reéxpands, the temperature 
rises, cough saps the strength, and toxin absorption is again manifested 
by the exhaustion of severe illness. The patient must have a refill; and 
this continues. 

Infected areas in other parts of the body are cleansed. The uterus is 
curetted, as is an indolent ulcer on the surface of the body. The infected 
sinus is opened, drained, and washed out, and it heals. So do other 
infected fields, when the germsof infection are removed and the field kept 
clean. Certainly we cannot curette the bronchi or bronchioles; but we 
can irrigate them, and there is a free exit for the deleterious material 
which may be causing distress. And when it is removed, nature will not 
require two or three years to heal the clean lesion. Fluid, deposited in 
the infected part of the lung, very quickly dilutes the thick tenacious 
exudate, so that it can be coughed out easily and freely. This removes 
the toxins and their absorption stops. The temperature promptly 

1 St. Louis, Missouri. 
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drops, appetite improves, digestion is unimpaired, and weight increases 
followed by a feeling of. general well-being. The patient’s condition is 
bettered in every way; and, if the lesion is kept clean, improvement con- 
tinues much more rapidly than if the blood-stream is compelled to dis- 
pose of all the debris. 

Myerson cures lung abscess in this manner. He irrigates through a 
bronchoscope, and uses a suction-tube to remove his solution. Stitt 
uses the same method in treating bronchial asthma. He advises against 
irrigating a tuberculous lesion, but our most striking results have been 
obtained in cases of tuberculous cavity. We do not claim to have im- 
proved the methods of the above-named operators, which it would be 
difficult to do. Before we knew of their work we were using the plan 
described here, and it is offered for whatever it may seem worth. 


The throat, larynx and upper trachea are well anaesthetized with a 2 per cent solution of 
butyn; then the irrigating solution is deposited into the upper trachea through a tracheal 
catheter (10 inches long) attached to a soft rubber bulb which contains the irrigating solution. 
The patient should be recumbent on the side to be treated, with the shoulders higher than the 
pelvis, thus allowing the solution to flow by gravity downward to the part of the lung selected 
for irrigation. By lowering the shoulders after depositing the fluid, we can flood the apex 
nicely. 

For tuberculous cavity, bronchiectasis and lung abscess we use a 5 per cent solution of 
calcium chloride in distilled water. This solution is filtered and refiltered, and then boiled, 
before use. For chronic bronchitis we use a 10 per cent solution of alkaline antiseptic pre- 
pared in the same manner. 

The silver tracheal catheter is covered with one of soft rubber, to avoid injury of the soft 
tissues with which it comes into contact. All solutions are used 2° or 3° warmer than the body 
temperature, to obviate chilling the air-passages. The throat and upper trachea are anaes- 
thetized as completely as possible, in order to control cough as much as is practicable. The 
cough reflex cannot be controlled entirely, and some of the irrigating solution will be coughed 
out at once; nevertheless, some of it will remain in the lung forty-eight hours or longer. 

All our instruments are wrapped in a clean towel and boiled, and then wrapped (towel and 
all) in a clean piece of oil-cloth and taken to the home for use. 


Cases 


B. G.: Female, age 40, had been confined to bed for two years. Mid-afternoon 
temperature not below 102°F. during past year. Raising about two pints of 
thick yellow sputum every twenty-four hours: loaded with tubercle bacilli. 
Cavity about 3 in. in diameter in left lung. Weight 65 lb., and very ill. Irri- 
gation started as last resort, October 3, 1927. Forty-eight hours later tem- 
perature 98°F., and never has gone as high as 100°F. since. Insatiable hunger 
within four days, weight promptly increased and in seventy days reached 
100 pounds. In three months patient was out of bed, waiting on herself, going 
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to bath-room, and to table for meals. Has had no clinical symptoms, and 
improvement has continued until time of this writing, five months later. 


L. H.: Female, age 65. Small abscess cavity in lower left lobe, with extension 
to the root. Pint and a half of foul sputum every twenty-four hours. First 
irrigation, December 30, 1927. Sputum without odor after three treatments; 
very little sputum after four weeks and eight irrigations. 


J. L. E.: Male, age 70. Chronic bronchitis of about 40 years’ standing. 
Cough prevented sleeping at nights. Pint or more of sputum in twenty-four 
hours. Throat inflamed, but showed no patches. Coarse moist rales through- 
out lower lobes of both lungs, shading out toward apices. (Case probably 
luetic.) Irrigated first on February 20, 1928. After three irrigations able 
to sleep at night and sputum reduced to about half. 


Other cases might be cited, but these are typical. The treatment 
causes no distress and no discomfort other than the numbness in the 
throat caused by the anaesthetic. No unpleasant symptoms have 
followed in any case we have treated, and none of 41 cases has failed to 
respond satisfactorily. 

This method is not advocated with any idea of superseding other forms 
of treatment, but only as an adjunct to all of them. [If rest in bed is 
producing the desired results, well and good; if not, irrigation may be 
of some help. 
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PULMONARY SPOROTRICHOSIS 
A Report of Two Cases 
J. J. SINGER! 


In a recent article published in THE AMERICAN REVIEW OF TUBERCU- 
Losis, November, 1927, Wiley D. Forbus has an interesting resumé on 
Pulmonary Sporotrichosis. He reports 10 cases, which represent all the 
cases cited in the literature, with a short description of each case, and 
with the analysis of the findings reported. He suggests that most of 
these reports are not of cases of true sporotrichosis of the lungs according 
to his classification. Undoubtedly this type of disease is rare. Yet it is 
possible that many escape the attention of physicians because of the 
similarity of the symptoms of sporotrichosis, tuberculosis, and syphilis. 

In the first case which I wish to report, it was only after the patient 


was in the hospital several weeks, and under observation for several 
months, that the true nature of the disease was suspected. The second 


case was suspected at the first examination. 


Cases 


Case 1: W. G., age 53, male, manufacturing druggist. Entered Barnes 
Hospital May 2, 1924, two and one-half months after onset of symptoms. On 
February 26, 1924, he was suddenly taken with chills and fever, and was seen 
by his family physician who made a diagnosis of pneumonia. He had a severe 
cough, dry and unproductive, but no haemoptysis. Six weeks after the be- 
ginning of illness he developed severe pain in the right wrist, and also showed 
evidence of effusion in the left chest. Aspiration was made by his physicians, 
Drs. Jones and Carley, who removed several ounces of clear fluid, slightly 
blood-tinged. No report of the examination of that fluid is available. At the 
time of admission to the hospital, his temperature ranged from 101° to 102° 
daily. Cough was constant, and usually nonproductive, although occasionally 
a small amount of sputum was brought up. The patient was a large man with 
flabby tissues. He had lost 80 lbs. in three months. The left chest showed 
dulness at the base, diminished breathing and diminished voice-sounds, but 
no rales. Occasional rales were heard in the right chest, which was otherwise 


1 Washington University School of Medicine, Department of Internal Medicine, and 
Barnes Hospital, St. Louis, Missouri. 
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Fic. 1. W. G. Plate taken May 2, 1924. Shows a more or less dense shadow in the costophrenic angle extending to the fifth rib. Here and there a few nod- 
ules are seen and some evidence of compression of the left lung. 

Fic. 2. W. G. Plate taken November 7, 1924. Shows lower left chest clear and diaphragm higher than normal. Scattered throughout both lungs are dense nodules 
which we considered tuberculous, but the clearing of the previous shadow by large doses of potassium iodide would leave one to believe that the process in the lungs 
was sporotrichosis. 

Fic. 3. E. W. Plate taken March 18, 1926. In the lower left chest is a dense shadow with only a slight amount of compression. In the right chest there 


ine of the lower interlobar line 
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; gative. The heart-sounds were normal. An X-ray plate of the chest 
« owed a rather dense shadow extending from the 3rd rib downward and merg- 
i g with the heart shadow. The costophrenic angle was not visible. Scat- 
- red throughout the upper lung were small shadows of the size of a millet- 
<-ed. The left hilum showed signs of compression. The right lung showed a 
ood air-content, with a few nodules similar to those described in the opposite 
ling. Sputum tests for tubercle bacilli were negative. The blood-culture 
cid Wassermann test were also negative. The left pleural cavity was aspi- 


Fic. 7. E. W. Taken April 16, 1926. Shows sporotrichum recovered from pus of patient 
W. 


rated, and a small amount of fluid obtained. A smear showed only occasional 
ed cells and a few leucocytes. The culture was negative. R.b.c. 3,000,000; 
.b.c. 8,100; 67 per cent polymorphonuclears; haemoglobin 57 per cent. 
During the time he was observed in the hospital the patient developed a 
soft mass over the right clavicle. This felt somewhat like a cyst. Red lines 
‘diated downward and forward, extending in a fan-like shape; the appearance 
s ggested lymphatic blockage. The mass was not painful. It was aspirated 
aad revealed pus in which sporotricha were found. A similar area on the 
inner side of the right leg was noted at the lower third. Aspiration of this 
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area was also positive for sporotrichum. A diagnosis of tuberculosis of the 
lungs was made on account of the appearance of fine nodules and the pleura! 
effusion, but the sputum was consistently negative, and the development o* 
the skin lesions with the sporotrichum gave the clue to the correct diagnosi 
The patient was put on increased doses of potassium iodide and gained 4 
Ibs. by November 17, 1924. The lesion in the leg was not entirely healed bu 
was very much smaller. The cough improved, and the condition in the lun: 
was decidedly better as shown by physical signs and X-rays. 

In view of the negative Wassermann test and sputum examination for tuber- 
culosis, the positive finding of sporotrichum, and the improvement followin 
the use of potassium iodide, the diagnosis of sporotrichosis of the skin and lung 
seems warranted. It is interesting to note that the patient, in the course of 
his duties as a manufacturing druggist, made a large arnount of liniment, in 
the preparation of which tobacco leaves were used. In the literature on this 
subject the possibility of infection from tobacco leaves has been noted severa! 
times. It is well known that the tobacco plant is often infected with 
sporotrichum. 


Case 2: E. W., age 54, male, insurance agent, entered Barnes Hospital 
March 22, 1926. For the past thirty years he had solicited insurance in a 
majority of states in the Union, most recently in the South and the West. In 
1922, lacking his usual ‘‘vim and vigor,” he went for a rest to Denver and then 
to South Texas. His appetite was good and he had no cough. He prolonged 
his vacation indefinitely as he felt no better. In April, 1925, he began to feel 
worse. The first noticeable change at that time was a productive cough, with 
expectoration of small amounts of light greenish sputum, neither offensive in 
odor nor blood-tinged. In June, two months later, he noticed a small tender 
swelling just mesial to the sterno-clavicular joint on the right side. At this 
time a similar swelling appeared in the lower left axillary line. There was an 
afternoon rise in temperature. The physician whom he consulted advised 
hospitalization. The interclavicular swelling was incised, and 200 to 300 cc. 
of greenish-yellow pus was obtained. The patient was much relieved from 
pain, and in a few days the temperature was normal. The wound, however, 
never healed and still discharges a small amount of watery fluid. The tume- 
faction in the lower left axillary region was painful, and has been for several 
months. 


Physical examination showed a well-nourished man of middle age, apparently 
not acutely ill. Examination of the mouth revealed many carious teeth 
pyorrhoea alveolaris and moderately enlarged tonsils. The cervical lymp' 
nodes were slightly enlarged. Chest examination showed a tender, slightly i1 
regular and apparently nonfluctuating mass, about 2 x 3.5 cm., in the supraman- 
ubrial region. To the right of this there was a scar in which was located « 
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sinus, discharging thin yellow pus. In the left lower axillary region there was 
a tender fluctuant mass, about 10 x 8 cm., fixed to deeper tissues. The signs 
in the chest itself were very indefinite on admission to the Hospital, consisting 
principally of impaired resonance in both bases. On March 23, 1925, the day 
following admission, thick yellowish pus was aspirated from the mass in the 
left axillary region and sent to the laboratory for smear, culture and guinea-pig 
inoculation, where on culture sporotrichum was found. This mass was con- 
sidered, in the absence of intrathoracic signs, as a purely local affair, and it was 
deemed best not to incise it. On April 12, 1926, fluid in the right chest was 
definitely diagnosed. The mass in the left axillary region hadin the meantime 
become larger and was definitely fluctuant. On April 17, 1926, Dr. Graham, 
under local anaesthesia, aspirated in the 9th interspace, right midaxillary line, 
and 900 cc. of clear straw-colored fluid was removed. The large abscess on the 
left side was incised, and digital exploration revealed that there wasa communi- 
cation with the left pleural cavity; in other words, empyema necessitatis. 
Tubes were inserted and Dakin’s treatment instituted. Cultures both from 
empyema on blood-agar and fluid from the right chest were negative. Cen- 
trifugated specimens showed no sporotrichum. ‘The patient received, begin- 
ning three days before thoracotomy, large doses of potassium iodide. From 
the time of operation the patient, who until this time had had fever of septic 
type, steadily improved, although it was necessary, eleven days after operation 
(April 28, 1926), to aspirate another 1000 cc. of clear fluid from the right pleural 
cavity. On May 1, 1926, the empyema cavity had so far closed that it was 
impossible to retain Dakin tubes in the wound. On May 8, 1926, when the 
patient was discharged, he felt better than at any time in the past two years. 
He still had a slight afternoon elevation of temperature, and the empyema 
wound was not entirely healed, there still being a slight thin discharge, smears 
of which showed tubercle bacilli. The patient had denied venereal infection. 
His Wassermann was negative, and a blood-culture practically normal, even 
before thoracotomy. The leucocytes ranged from 6900 to 7800and 70 per cent 
polymorphonuclears. Except for an occasional red cell his urine was negative. 
His total phthalein renal test was 45 per cent. Cardiac examination was 
negative twice. 

This case which showed definite cutaneous infection by sporotrichum, 
while the pus from the lung showed tubercle bacilli, might leave a doubt as 
to the true nature of the pulmonary condition. But the marked improve- 
ment following the potassium iodide would lead one to suspect a strong 
probability of the condition in the lung being also due to sporotrichosis, a 
combined lesion that has been described in other cases. 
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COMBINED MYXOEDEMA AND TUBERCULOSIS 


Report of a Case! 


B. E. McGOVERN? 


The case I wish to present is one of combined tuberculosis and myxoedema. 
The patient is a single, white male, and at the time he entered the Union Printers 
Home, June 15, 1925, he was 47 years old. 

The family history was not significant except that there was some tubercu- 
losis in the immediate family. 

Past History: Mumps and measles in childhood; influenza in 1918; syphilis 
in 1908 which was treated at the time; gonorrhoea earlier in life. 

Present Illness: After an attack of influenza in 1918 he began to cough, 
expectorate, lose weight, grow tired, lose appetite, spit an occasional blood- 
streak, and run elevation of temperature. Was in the North Carolina State 
Sanatorium from January 18, 1925, to June 11, 1925. Tubercle bacilli were 
first found in his sputum in January, 1925. 

Physical Examination: At the time of entrance: Bilateral involvement of 
the lungs, more extensive on the right. Classified as far advanced A, with 
favorable prognosis. Weight 142 pounds. Pupils irregular, and reacted 
sluggishly to light and accomodation. Temperature ranged from 97.4° to 99°. 
Pulse from 50 to 68. é 

Laboratory: Repeated examination of urine since entrance negative. Spu- 
tum always positive since admission and is now. Wassermann negative on 
admission. December 29, 1927: Blood Count: Color index 0.9 haemoglobin 
105 per cent, erythrocytes 5,790,000, leucocytes 9,550, lymphocytes 25 
per cent, large mononuclears 10 per cent, eosinophiles 1 per cent, polymorpho- 
nuclear leucocytes 64 per cent. June 17, 1926: Blood pressure 112/80. Octo- 
ber 31, 1927: Blood pressure 142/88. 

On October 27, 1926, the patient complained of mental depression, loss of 
memory, joint pains, difficulty of concentration, loss of appetite, and worry. 
At this time he said he had never been happy. He was cooking his own meals 
in his tent because he felt that he was intruding when he went to the regular 
table. Also he was suspicious of the other patients. He exhibited some 
psychomotor retardation in answering questions. About this time he exhibited 


1 Read before the El Paso County Sanatorium Association, Colorado Springs, Colorado, 
January 18, 1928. 
2 Union Printers Home, Colorado Springs, Colorado. 
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some oedema of the eye-lids and face with localized transient swelling of the 
cheeks. His thyroid was doubtfully palpable and on being questioned he said 
he never perspired. His weight at this time was 136.5 lbs. 

In the early part of June, 1927, his symptoms became aggravated. Search 
was made in his urine, and for focal infection to explain the facial oedema, but 
without success. It was noticed that his oedema was pitless, his face expres- 
sionless, and his hair dry. On June 15, 1927, he was started on 0.5 grain of 
thyroid extract daily. In about a month he said he believed he felt more 
cheerful and animated. On September 14, 1927, his basal metabolic rate was 
— 21. The thyroid extract was increased to one graina day. January 7, 1928, 
his basal metabolism was — 7. His thyroid extract was then increased to 2 
grains daily and his basal was — 5. January 16, 1928: His temperature ranges 
now from 97.1° to 98.1°, and his pulse from 68 to 92. He now weighs 140 
lbs. His oedema has cleared up to a remarkable degree, and he is more cheer- 
ful, has more expression in his face, and is very much less suspicious of his fellow 
patients. During his stay here his lungs have been gradually improving. 


I believe that the most interesting phase of this case is the one to which 
my attention was called by Dr. Chas. O. Giese. This is that his tubercu- 
met test, done April 12, 1927, was negative, and his red-cell sedimentation 
test, done June 15, 1927, was only 25 per cent after 6 hours. 

I believe this slow sedimentation rate may be explained upon the basis 
of our knowledge of the physiology of thyroxin. Thyroxin, as well as 
stimulating oxidation, which is a factor in detoxication, also stimulates 
the metabolism, especially the catabolism of protein and amino acids (1). 
As we know, the sedimentation rate is increased in the presence of 
tissue breakdown. With increased destruction of tissue there is an in- 
creased concentration of globulin and fibrinogen in the blood, upon 
whose electrophysical properties the speed of sedimentation depends (2). 
The patient’s sedimentation rate, January 16, 1928, was 36 per cent. 
It has increased from 25 to 36 per cent on thyroid therapy. 

That the thyroid has something to do with producing immunity to 
infections is fairly certain. The exact mechanism is not known. Webb 
believes that the thyroid marshals together all of the various immunity 
resources of the body. Fleischmann, of Berlin, adduces evidence to 
show that the thyroid hormone increases the phagocytic ability of the 
leucocytes. But what part it plays in the production and activation of 
immunity bodies, such as antibodies, bacteriolysins, precipitins and op- 
sonins, is not definitely known. 

The tubercumet reaction, according to Stimson, Calmette and others, 
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seems to depend upon the production of reaction bodies similar in nature 
but not identical to the antibodies. These reaction bodies seem to de- 
velop in response to and against some of the toxic products of the tubercle 
bacillus. The patient’s tubercumet test was again negative January 18, 
1928. Therefore no indication can be drawn from it, except probably 
that it means that no active destruction of lung tissue is taking place at 
present. The last X-ray picture indicates a fairly high degree of fibrosis 
at present. 
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THE ACUTE AND CHRONIC ANOXAEMIC CARDIAC 
SYNDROME IN CHRONIC PULMONARY 
TUBERCULOSIS! 


I. RAPPAPORT 


The traditional belief that anoxaemia is never present in pulmonary 
tuberculosis, that even very extensively reduced respiratory surfaces can 
provide the body with sufficient oxygen, has never been challenged. 
Yet our present-day knowledge of cardiorespiratory interrelations urges 
the revision of this belief. An attempt will be made here to prove that 
bedside observation in certain forms and complications of pulmonary 
tuberculosis also indicates such a revision. A symptom-complex, in 
both its acute and chronic forms, will be here described as observed in the 
course of phthisis. A careful study of this symptom-complex and the 
circumstances under which it occurs has led to the conclusion that it is 
the indirect result of anoxaemia. Sufficient clinical evidence is at hand 3 
to warrant the assumption that, in all cases of phthisis in which the : 
respiratory surfaces have been materially reduced, anoxaemia arises; that 

this anoxaemia is compensated for by the usual mechanism of modified 
circulation, that is, cardiac compensation; and that cardiac decompensa- 
tion as a sequel of this anoxaemia is much more frequent in phthisis than 
is generally realized. The mode of death in phthisis is still an unwritten 
chapter of phthisiology. That phthisics frequently die of heart-failure 
before the pulmonary process has come to terminal stages, at times when 
they are being thought to hold their own, and even after the disease 
has become inactive, is abundantly recorded in the literature. Sudden 
deaths of phthisics upon removal to higher altitudes have been reported. 
Cardiac failure is frequently reported soon after successful therapeutic 
collapse of a lung in patients who were “‘subject to tachycardic attacks,” 
also following severe haemorrhages. Discerning phthisiologists have 
long emphasized that the life expectancy of phthisics depends more on 


1 This paper is based on clinical work done at the Home for Consumptives, Chestnut Hill. 
Pa., Dr. Wm. J. Enders, Medical Director. Thanks are here expressed to Dr. R. T. Ellison, 
Chestnut Hill, Pa., for the courtesy of using his ward material on which this study is partly . 
based. 
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their cardiac condition than on the process in the lungs. An attempt will 
be made here to show that the symptoms observed in different complica- 
tions of phthisis, such as spontaneous pneumothorax, severe haemorrhage, 
paroxysmal tachycardia, etc., are evident symptoms of the compensatory 
cardiorespiratory mechanism caused by anoxaemia, which, otherwise 
masked, is suddenly aggravated and brought to the foreground by these 
complications of the disease. 


PATHOLOGICAL CONSIDERATIONS 


Postmortem data on the heart on an extensive material are not avail- 
able in the literature. Investigations on a larger scale on cardiac func- 
tion in phthisis are so scarce that the recent publication by Saling and 
Baum on electrocardiographic studies in phthisis is most welcome. This 
investigation indicates a lowering of the T-wave interpreted as a weakened 
cardiac musculature. However, recent pathological investigations into 
cardiorespiratory relations throw a new light on this problem and most 
plausibly explain the bedside observations. The investigations of Hen- 
derson, Barach, Means, etc., have taught us that an inseparable correla- 
tion exists between our cardiac and respiratory functions. They have 
taught us that anoxaemia, existing with or without dyspnoea, inevitably 
leads to cardiac compensation in such a manner as to procure oxygenation 
of as much blood as the available pulmonic space will permit and to pre- 
vent loss of oxygen in the tissues, but not to such a degree as would be in- 
compatible with life. 

It is clear that asphyxia is a cardiac death, even in a broad sense,— 
that the heart is actually driven to death by a frantic effort at compensa- 
tion for extreme anoxaemia. Harrison and Blalock were the first to 
show experimentally that cardiac exhaustion is also the rule even in 
chronic anoxaemia in which the compensatory mechanism is prolonged, 
though in these conditions this issue is not quite as plainly perceptible. 
They have shown that chronic anoxaemia is compensated for by increased 
cardiac output and frequency, and that, if this compensatory function 
must be kept up for longer periods, cardiac exhaustion invariably results. 
In the light of these facts it is explained why anoxaemia is not clinically 
demonstrable even in far-advanced cases of phthisis. In acute complica- 
tions occurring in these patients a severe arterial anoxaemia is present. 
Direct observations of anoxaemia at times when the acute form of the 
“anoxaemic cardiac syndrome’”’ is present are, however, entirely unneces- 
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sary, as the objective symptoms of dyspnoea, cyanosis, etc., are so over- 
whelmingly manifest that no one doubts its existence. It is also explained 
that if chronic low-grade anoxaemia exists in a case that is more or less 
compensated, the symptoms presenting themselves are also progressing at 
such a slow pace that, for the most part, they escape our attention. The 
group of symptoms here named ‘‘anoxaemic cardiac syndrome” was first 
observed at times of crisis in various complications of phthisis of entirely 
different origins. As it seemed most plausible that the identically same 
symptoms in different clinical conditions can be caused only by the same 
mechanism, it was soon revealed by a close scrutiny of that mechanism in 
the more slowly progressing clinical forms that it is the most reliable sign 
of existing but masked anoxaemia. While the ‘“‘anoxaemic cardiac 
syndrome” in its acute form is easily recognized, the clinical observations 
here presented tend to show that the acute form depends on the pre- 
existence of the chronic slowly progressing anoxaemia, and is actually only 
a suddenly aggravated form of it. 


THE ACUTE ANOXAEMIC CARDIAC SYNDROME 


An abrupt and extreme increase of the cardiac and respiratory rate, 
accompanied by dyspnoea or orthopnoea, cyanosis of variable degree, 
acute onset of distress in the chest with occasional feeling of collapse, are 
the conspicuous symptoms. The pulse is rapid and at first well sus- 
tained, becoming shallow later. Cold sweats, epigastric pain, abdominal 
distention are the rest of the symptoms that frequently seem to progress to 
real collapse at a menacing speed, and exitus seems imminent indeed. 
In the general medical ward these symptoms are rightly identified as those 
of circulatory collapse, but in the tuberculosis wards (where pulmonary 
complications, rather, are thought of) they are more frequently identified 
with spontaneous pneumothorax. Autopsies have frequently revealed 
the error in such diagnoses. A close scrutiny of the syndrome will reveal 
that we are dealing with genuine cardiac asthma. Eppinger and his 
associates (who have made the most fundamental recent investigations 
into cardiorespiratory pathology) say that the greatest arterial anoxaemia 
may be found in cardiac asthma. In their opinion cardiac asthma arises 
when the left heart begins to fail at a time of already preéxisting increase in 
minute volume and velocity of circulation. Bedside observations have 
led to the conclusion that, whenever the acute cardiac syndrome develops 
in a complication of pulmonary tuberculosis, it is the result of beginning 
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left heart-failure in a patient whose anoxaemic compensatory mechanism 
has been already partially exhausted and is not equal to the task suddenly 
thrown uponit. Let us now analyze the individual complications in which 
the acute form of the anoxaemic cardiac syndrome occurs. 

Spontaneous pneumothorax is described by Powell and Hartley as at- 
tended by extreme dyspnoea and shock, and, in advanced cases, ‘‘dis- 
turbed action of the heart may be the chief trouble.’”’ However, clinical 
evidence tends to show that spontaneous pneumothorax in itself cannot be 
responsible for these severe symptoms. The fact is that spontaneous 
pneumothorax may be discovered accidentally in healthy individuals. 
Even in the tuberculosis ward it frequetly goes unnoticed and is com- 
monly accompanied only by more or less pleural pain and feeling of pres- 
sure. The symptom-complex generally accepted as that of spontaneous 
pneumothorax depends entirely on the anoxaemia it suddenly causes and 
the condition of the patient’s heart. 

A careful study has revealed that spontaneous pneumothorax will 
cause the typical symptoms generally attributed to it only if a reduction 
of the greater half of the respiratory surface has taken place in a patient 
whose compensatory mechanism has already been called upon in the past. 
This clearly points to the circulatory origin of the symptoms, a fact long 
recognized by most phthisiologists, but, to our knowledge, never inter- 
preted as the result of anoxaemia. Some cases of spontaneous pneumo- 
thorax offer a splendid opportunity for the study of the cardiorespiratory 
mechanism, inasmuch as they show to what length compensation may go 
in one case and why it fails in another. In cases studied under X-ray 
control we saw one young patient who already had a 30 per cent loss of 
respiratory surface compensate for another 30 per cent suddenly lost by 
spontaneous pneumothorax over several months without being conscious 
of it. On the other hand, we saw patients fail on nothing more than a 
large air-bubble that interfered with the expansion of the better lung. 
Most instructive was one case in which the acute anoxaemic cardiac syn- 
drome recurred in a much aggravated form just when the pneumothorax 
was almost absorbed. Re-collapse was the only thing one could think of; 
yet the X-ray plates showed, to our great surprise, that no recurrence of 
pneumothorax was present. This time it was purely heart-failure. 
Speaking of pneumothorax, it should be imientioned that, since therapeutic 
pneumothorax has become so extensively practised, the supreme impor- 
tance of the cardiac condition in the selection of the suitable cases has been 
impressed upon us more and more. There is a great deal of discussion 
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about the dependence of successful pneumothorax treatment on mediastinal 
mobility, which is really a recognition of the fact that artificial pneu- 
mothorax cannot be successful unless the patient’s heart is equal to the 
task of the compensatory mechanism it will have to meet. 

Severe pulmonary haemorrhage is the most frequent complication of 
phthisis in which the anoxaemic cardiac syndrome arises acutely. Sudden 
deaths following great haemorrhages are generally attributed to the great 
loss of blood. The investigations of Barach, as well as those of Harrison 
and Blalock, have shown that anoxaemia is the cause of death even here. 
The great loss of oxygen-carrying haemoglobin brings about the circu- 
latory compensation, and again the compensating heart is driven to death 
by frantic efforts. Phthisiologists have abundant opportunity to see 
what amazing losses of blood may be compensated for even in patients who 
have been ill for long periods. When we are afforded the rare oppor- 
tunity of observing the immediate events from the beginning of severe 
haemorrhage, the following sequence of events is noted: The lung on the 
bleeding side and the lower lobe of the other side are suddenly flooded; 
extreme dyspnoea (denoting anoxaemia) immediately develops, giving the 
heart a violent stimulus for compensation. The heart, thus suddenly 
taken, staggers for a moment; the patient experiences a “‘collapse-like 
spell,”’ “feeling as if going to die.” In this spell the blood-flow usually 
stops, and clotting takes place. Unless the patient is in a position enab- 
ling him to evacuate the upper portions of the clot, immediate asphyxia 
occurs. In such circumstances we have repeatedly seen the heart make 
a last frantic effort at compensation and break down within a few minutes. 
Once the clot is out of the greater part of the large bronchi and the heart 
is equal to its task, the anoxaemic cardiac syndrome appears in full- 
fledged form, the fight for life begins, and the next few days or hours de- 
cide whether or not the patient will survive until the rest of the clots are 
sufficiently removed to recover the necessary respiratory surface. After 
that a milder form of the syndrome will continue to compensate for the 
combined loss of oxygen-carrying haemoglobin and respiratory surface. 
Frequently, patients may be observed combating the sequels of a severe 
haemorrhage for weeks and finally succumbing to cardiac failure when the 
lost blood has long been replaced and the patient has seemed to rally. 
We have repeatedly seen haemorrhages resulting in instantaneous 
death when no more than a few ounces of blood were lost and found 
postmortem to obstruct the channel of the only good lobe with the patient 
unable to remove it. 
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Paroxysmal tachycardia should next be mentioned as a not infrequent 
complication of phthisis in which the acute form of the anoxaemic cardiac 
syndrome may arise. The attacks are frequently mistaken for spontane- 
ous-pneumothorax accidents, which shows how closely the symptoms of 
the two conditions resemble each other. Good clinicians have already 
resorted to deflation in such attacks. However, paroxysmal tachycardia 
will only rarely result in such acute symptoms. In fact, a considerable 
number of phthisics are subject to occasional attacks of paroxysmal 
tachycardia,—some at regular intervals,—without eyer presenting any 
menacing symptoms at all. For the most part such attacks do not last 
longer than one to two hours. In the cases in which the anoxaemic 
cardiac syndrome did develop the attack lasted for over ten hours. Clini- 
cal study showed that in some instances extrasystoles, in others occa- 
sional bradycardias, could be observed at different times. In all of these 
cases greater or less cardiac displacement was present and there was sus- 
picion of pleuropericardiac accretions. Neumann reported the incor- 
poration of the vagus stem in such adhesions. Thus the neurogenic origin 
of paroxysmal tachycardia seems very logical. Patients subject to tachy- 
cardiac attacks may eventually develop the cardiac syndrome, and the 
difference between the two conditions becomes evident then. In genuine 
paroxysmal tachycardia the respiratory rate remains normal or may even 
slow down somewhat, the patients describe an urge for deep breathing, 
and one has the impression that here a respiratory compensation is at 
work to make up for disturbed circulation. 


THE CHRONIC ANOXAEMIC CARDIAC SYNDROME 


The chronic form of the anoxaemic cardiac syndrome shows varying 
degrees of severity in proportion to the rate at which the low grade anoxae- 
mia progresses. ‘The symptoms here are not so apparent, and are there- 
fore not so easily demonstrable, especially in patients who are also toxic. 
Only prolonged and close scrutiny of the individual case will enable us to 
distinguish between the symptoms due to toxaemia and those due to the 
compensatory mechanism caused by progressing anoxaemia. Palpita- 
tion, variable degrees of dyspnoea on moderate exercise, marked fatigue 
following such exercise, frequent headaches, gastrointestinal disturbances 
with a tendency to distention, occasional indigestion and recurrent vomit- 
ing or nausea, nervous hyperirritability with sleeplessness or mental exci- 
tation, and, in severe forms, drowsiness or mental dulness, are the con- 
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spicuous symptoms. Objectively, we find a progressively increasing 
cardiac rate, irregularities in the respiratory rate, low respiratory rates in 
mild forms with the urge to deep respirations, persistently high respiratory 
rates in severe forms with an inability to breathe deeply. It should be 
mentioned here that in severe forms of oxygen-deficiency one would expect 
to see cyanosis as an outstanding symptom. The fact that cyanosis is so 
infrequently met with in the tuberculosis ward is clearly due to the fact 
that phthisics have a secondary anaemia, with a proportionate loss of 
haemoglobin. Of unusual interest in this connection is an occasional 
deviation from the rule in some cases in which an increase of the erythro- 
cytes with a proportionate increase in haemoglobin may be found in 
phthisics over long periods. Naegeli has already interpreted this phe- 
nomenon as compensatory mechanism for severe anoxaemia, analogous 
to such compensation as observed at high altitudes. We have observed 
two cases with such increased erythrocyte counts with coexisting cardiac 
syndrome of a chronic form and noticed a singular, ashen-gray, dark, 
sallow complexion, which seemed to be a combination of phthisical 
pallor and cyanosis. 

Analyzing the symptoms of the chronic cardiac syndrome, the follow- 
ing must be considered: Palpitation is a common symptom of phthisis 
usually attributed to toxaemia. That not all palpitations, and not the 
entire extent of some palpitations, are due to toxaemia, needs little dis- 
cussion. The careful study of a great number of patients having this 
symptom revealed that the palpitation persists even in the intervals 
when no toxaemia is present. ‘There is sufficient evidence to prove that 
in these cases, with already preéxisting palpitation, the circulatory re- 
sponse to toxaemia was absent or greatly reduced, as there was little 
difference noticeable in the heart-rate whether toxaemia was present or 
not. The discrepancy between the pulse-rate and course of the tempera- 
ture in these cases speaks plainly for the existence of the compensatory 
mechanism. Dyspnoea is not a reliable symptom; as Barach says, “‘sub- 
jective dyspnoea does not seem to be due to oxygen want.’”’ From bed- 
side observations one would be inclined to conclude that it speaks more 
for greatly reduced vital capacity in advanced fibrous processes, with 
pleural adhesions preventing compensatory emphysema of available lung 
tissue. Yet, in some of these cases, true cardiac dyspnoea is met with, 
as evidenced by the sudden onset of dyspnoea on minimal exercise and its 
absence when at rest. Of unusual interest are the conditions frequently 
described by phthisiologists as observed in patients first admitted to 
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exercise after prolonged periods of rest. The dyspnoea so frequently 
seen in these patients was repeatedly ascribed by discerning phthisiologists 
to a genuine cardiac deficiency believed to be the result of the prolonged 
recumbent position. These conditions, when closely observed, permit 
a very penetrating glimpse into the compensatory mechanism at work. 

It is difficult to see why the recumbent position should give rise to such 
cardiac symptoms; it certainly cannot account for the most remarkable 
changes observed in these patients. While they are in bed they look the 
very picture of health, belying their well-advanced phthisis, but no 
sooner are they out of bed than they turn into the typical consumptive 
type, with that peculiar hue and expression of a convalescent phthisical 
patient undergoing physical exercise. Limitation of space prohibits 
going into the kaleidoscopy of symptoms of phthisis which, in our belief, 
are not sufficiently studied because the cloak of toxaemia has been thrown 
over them. To be sure, toxaemia is responsible for some symptoms, but 
much less than is generally believed. However, there is a type of phthisis 
in which the chronic anoxaemic cardiac syndrome is so conspicuous that 
we believe most phthisiologists will recognize some cases of this descrip- 
tion from their own experience. 

I refer to middle-aged patients with widely disseminated fibrous nodular 
lesions throughout the lungs. From the character of these lesions one 
would not suspect a great reduction of the respiratory surface, yet these 
patients persistently complain of shortness of breath and frequently have 
fainting spells, and sometimes anginoid chest pains. The process being 
of a senile productive type, without any, or with slight, activity, toxaemia 
could hardly be thought of as the source of their constant distress. Fre- 
quently we attribute their vague symptoms to psychic causes and make 
rather optimistic prognoses. In a few weeks, however, we awaken to the 
keen disappointment of seeing the patient lose ground rapidly. Dyspnoea 
increases, the chronic form of the anoxaemic cardiac syndrome comes at 
first in spells, then it unmasks itself; and the catastrophe is precipitated 
much earlier than could have been anticipated. The study of these 
cases has led us to believe that the underlying cause is to be looked for 
either in a constitutional weakness of the heart or in previous damage to 
that organ. At any rate, we found that in these patients the heart was 
not equal to its task and that even the moderate demands made upon it 
by the reduction of pulmonary expansion drove it to exhaustion. What 
makes these cases very puzzling clinically is that the heart seems to func- 
tion better when the patients are in distress than when they are comfort- 
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able. Summoned to their beds at the time of an attack and hearing them 
complain of precordial or epigastric pains and sensations of “impending 
death,” we are amazed to find that their otherwise weak cardiac function 
is in a state of quite forceful, and sometimes imposingly strong, activity. 
Bounding full beats, at a good rate that is well sustained for long periods, 
are present, and we cannot help looking for psychic causes for the com- 
plaints mentioned. But when we see the patient succumb after a few 
such attacks, we realize that the cardiac symptoms observed meant the 
last efforts of a heart driven by anoxaemia. 

A condition in which the chronic anoxaemic cardiac syndrome and the 
symptoms of toxaemia are hopelessly intertwined may be observed in 
very extensive caseous processes of one lobe when the natural mechanism. 
of immobilization stops the excursions of the entire lung on the involved ° 
side. This defensive mechanism is invariably seen in extensive lobar- 
pneumonic processes. Clinically, the preéxisting symptoms of grave 
toxaemia are suddenly aggravated to an extreme degree, and tachycardia, 
cold sweats, great prostration, excessive respiratory rate and dyspnoea 
ensue. All of these symptoms are generally explained by an X-ray 
plate, which is then usually interpreted as a pneumonic extension into the 
adjacent lobe. However, we observed the subsequent clearing up of these 
pictures, and have come to the conclusion that the X-ray plates show the 
“drowning” of the adjacent lung, either by the above-mentioned defensive 
mechanism or actual atelectasis by unremoved caseous masses in the main 
bronchi. When these adjacent lobes are reinflated subsequently, one can 
clearly distinguish between the symptoms caused by toxaemia, which 
will persist, and the anoxaemic cardiac syndrome caused by the sudden 
respiratory embarrassment, which later subsides. 

- Our clinical observations have convinced us that there is hardly a case 
of chronic phthisis with an advanced process that does not present the 
chronic anoxaemic cardiac syndrome at some phase of the disease. It is 
at the time of a little ward accident such as a “cold with congestion” or 
a “little indigestion,” or after a sleepless night, that we first take notice 
of some dyspnoea and palpitation, to which not much significance is 
attached until one day an unusually severe exacerbation brings these 
symptoms to the fore, and we are surprised to find the patient who was 
“getting along fairly well” sink down abruptly. At the time of such little 
crises we realize the loss of that reserve force enabling one patient to over- 
come a complication to which another succumbs. Even in the very ter- 
minal stages we meet the problem of estimating that reserve force on 
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which our prognosis really must depend. Phthisics in terminal stages 
suffer quite frequently from the above described spells in which the 
physical signs are puzzling. They present a paradox between the objec- 
tive findings at the heart and their subjective feelings. Phthisiologists 
are often embarrassed by this situation. The patient’s family is as- 
sembled for the approaching end. A “weak spell’ causes the doctor to 
be summoned. He finds an unexpectedly forceful heart function and 
bids the family to retire as death does not seem imminent. Yet, no 
sooner does he leave the scene than the patient succumbs. 

The therapeutic side of the problem should not be omitted, as it sup- 
ports the clinical findings and assumptions to the extent that any ex 
juvantibus arguments can. Believing as we did that the heart is at the 
bottom of the syndrome recognized by us, we naturally resorted to cardiac 
medication. Presently we were amazed to find that we were using digitalis 
to an extent unheard of in tuberculosis wards. Nevertheless, we felt 
justified, not only because it gave relief and prolonged life, but mainly 
because it cut down so considerably our consumption of morphine. 
Frankly speaking, at first we were convinced that we were stimulating the 
heart and were rather puzzled. Later, the investigations of Harrison and 
Blalock taught us that digitalis acts as a cardiac sedative under these cir- 
cumstances. It was found that by slowing the heart-rate digitalis actu- 
ally prevented its exhaustion by the compensatory mechanism. This 
showed why strychnine does not serve well in these cases, and why even 
therapeutic doses of morphine are so detrimental. We have observed 
several deaths following the latter drug in some of these cases. The 
dyspnoea of phthisics is invariably treated with morphine in the tubercu- 
losis wards and there is no doubt that it gives relief, but the relief is bought 
at the expense of many weeks of life. The investigations of Porges and 
Kauders have shown that in dyspnoea of pulmonary origin surprisingly 
small doses of morphine may become lethal through their action as a 
respiratory depressant. This effect of morphine observed in dyspnoea 
of phthisis is an excellent piece of evidence showing that anoxaemia 
here is of pulmonary origin. Our own observations led us to believe that 
in phthisis morphine defeats the compensatory cardiac mechanism and 
eventually leads to increased anoxaemia, to which the patient will neces- 
sarily succumb. It should be emphasized that morphine is especially 
contraindicated in acute symptoms of spontaneous pneumothorax. 
Against the indiscriminate use of morphine in pulmonary haemorrhage, 
protests have come from many workers of late. We are told that it leads 
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to pneumonic infiltrations, while our own observations have taught us 
that it is the interference with the removal of the clots, and subsequent 
heart-failure, that becomes fatal here. Lack of space prevents us from 
reporting some remarkable cases in which we succeeded in tiding patients 
over some very critical conditions by the administration of moderate 
doses of digitalis. 

As a final remark on the management of critical conditions arising in 
phthisis, we wish to call attention to the fact revealed by our observations 
that the cardiac symptoms are always much aggravated by the excessive 
amount of fluid these patients are given, mostly in the form of milk. 
In some cases, with the chronic progressive type of the cardiac syndrome, 
increased metabolism as a result of overfeeding tends to deteriorate the 
patient’s condition. The sudden breakdown of some obese patients we 
have definitely attributed to cardiac complications. 
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THE VITAMINE ACTION OF PREPARATIONS OF OLEUM 
JECORIS IN EXPERIMENTAL TUBERCULOSIS! 


G. PLATONOV 


The importance of vitamines in the physiology of nutrition and their 
influence on metabolism is a well-established fact. Their beneficial 
effect in tuberculosis has also been proved experimentally. Thus, 
Lange (1), experimenting on white rats infected with bovine tubercle 
bacilli, obtained good results with oils and vitamines. Also, Bieling (2) 
noted the influence on tuberculous guinea pigs of the absence of vitamine 
C in the food. According to this author, healthy guinea pigs lived on a 
vitamine-deficient diet as long as four weeks, and died with symptoms 
of scurvy, while those infected with a weak culture died in 5 to 9 days 
without symptoms of tuberculosis. Describing the influence of the 
absence of vitamine C on tuberculous guinea pigs, Schiff (3) notes that 
the intracutaneous reaction is considerably diminished by a vitamine- 
deficient diet. Other authors, such as Smith (4), did not observe any 
effect of the vitamines of oleum jecoris on tuberculous guinea pigs, 
though such an effect was noted on normal animals. 

In the therapy of tuberculosis, codliver oil, the action of which may be 
due to its vitamines, is being at present rather successfully used. 

The mechanism of the therapeutic effect of oleum jecoris, sodium 
morrhuate, etc., has been studied from different points of view: from 
that of its influence on metabolism (Read (5)), on tubercle bacilli 
(Campbell and Kieffer (6) ), etc. 

In a previous work (7) I investigated the action of oleum-jecoris 
preparations both on tubercle bacilli and on the blood and enzymes. 

The present work deals with the possible vitamine action of sub- 
cutaneously injected oleum-jecoris preparations on guinea pigs. 

The problem of the subcutaneous introduction of vitamines, in spite 
of all its interest and importance, has been rarely dealt with. Cawgill 
(8) noticed a favorable effect of the subcutaneous introduction of vita- 
mine B on dogs. Levy-Solal, Christon and? Dalsace (9) ,"-working on 


1From the Tuberculosis Institute, People’s Commissariat of Public Health, Moscow, 
Russia, Professor Dr. Vorobjev, Director. 
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rats, noted the antirachitic power of oils exposed to light and injected 
subcutaneously. As to the influence of the parenteral introduction of 
vitamines on tuberculous animals, in the literature at my disposal no 
works on this question could be found, and I therefore undertook the 
corresponding experiments. 

Guinea pigs were infected with tubercle bacilli of low virulence. 
Four weeks after the infection, the animals were placed on a vitamine- 
deficient diet, consisting of hay, oats, straw, and milk (40 cc. a day, 
heated at 120° Cels., during one hour). The animals were divided into 
seven groups: 


1: The animals of this group (6) were given daily two drops of oleum jecoris 
per os. Their longevity was from 8 to 11 days, except one, which lived 20 
days. The anatomical investigation of the organs showed disseminated tuber- 
culosis. 

2: This group (4 animals) received every second day a subcutaneous injection 
of 0.3 cc. oleum jecoris. Their longevity was from 9 to 15 days. 

3: The animals of this group (4) received the same dose of oleum jecoris sub- 
cutaneously, but only every four days. Their longevity was from 14 to 16 
days, except for one that lived 31 days. 

4: The animals of this group (4) were given 0.3-gm. sodium morrhuate every 
two days. They lived 10, 16, 26 and 37 days. 

5: The guinea pigs of this group (4) received 0.3 gm. sodium morrhuate 
every four days. Their longevity was 19, 28, 35 and 46 days. 

6: This group served as controls. It consisted of 5 infected guinea pigs 
receiving the same vitamine-deficient diet, but without any addition of vita- 
mine preparations, whether per os or subcutaneously. Their longevity was 
from 9 to 12 days, except for one that lived 25 days. 

7: Finally there was a group of 5 similarly infected animals fed on ordinary 
food. These guinea pigs are still alive, three months after the infection, and 
have lost but slightly in weight (30-50 gm.). 


There was no great difference in the histopathological changes of a 
tuberculous nature between the control group and the groups that had 
been given oil in any form. In the latter a few tubercles were found in 
the liver and spleen, while in the control group the tuberculous changes 
were much greater. 

Analyzing these results we must note, first, the difference in longevity 
between the infected guinea pigs fed normal food and those kept on a 
vitamine-deficient diet; this confirms the general importance of diet in 
tuberculosis. 
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In regard to the experiment itself, it may seem strange that the 
longevity of the first and second groups is nearly the same, even two 
drops of codliver oil per os having thus not appreciably affected their 
longevity. Results, analogous to those here mentioned, were obtained 
by Smith. This may perhaps be explained by the influence of oleum 
jecoris on the appetite of the animals. 

A greater increase of longevity was found in the animals which received 
oleum jecoris and especially sodium morrhuate in the form of injections. 
I believe these results were entirely due to the vitamine content of cod- 
liver oil. 

As to the vitamine power of sodium morrhuate, this is obviously due 
to the same vitamines of codliver oil, capable of passing into the saponi- 
fied fraction of the oil, from which it can be extracted with ether (Steen- 
bock, Sell and Buel (10) ). 

The more powerful favorable effect of sodium morrhuate, when com- 
pared with that of oleum jecoris, applied subcutaneously, may be ex- 
plained by the better absorption of the former. This view is supported 
by other experiments of mine, in which even intrapleurally injected 
oleum jecoris remained encapsulated for a long time without undergoing 
any changes, retaining its smell and other characteristics. 

The above-mentioned results seem to me to be of a certain practical 
interest as a basis for the therapy of tuberculosis by means of the 
percutaneous introduction of oleum jecoris. Certain conclusions can 
also be drawn from these results as to the most advisable method of this 
treatment: frequent injections of oleum jecoris and sodium morrhuate 
give less beneficial results than rarer ones. 


SUMMARY 


1. The subcutaneous injection of oleum jecoris and its preparations 
produces a vitamine-like effect, the action of sodium morrhuate being 
greater than that of oleum jecoris. 

2. The effect of subcutaneous injections of oleum jecoris depends on the 
form and dose of the injections, and on the length of the intervals 
between them. 

3. When producing oleum-jecoris preparations, care must be taken to 
avoid all factors that destroy the vitamine constituents of this oil, such 
as high temperature, sunlight, oxidation, etc. 
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STUDIES ON ACID-FAST MICROORGANISMS! 


III. THE REACTIONS OF THE WHITE BLOOD CELLS OF THE GUINEA 
PIG FOLLOWING INOCULATION WITH HUMAN 
TUBERCLE BACILLI! 


WILL CAMP, F, H. LUTON,’ EDNA H. TOMPKINS AND R, S. CUNNINGHAM 


In 1925 Cunningham, Sabin, Sugiyama and Kindwall (8) studied the 
blood and tissues of rabbits experimentally infected with bovine tubercu- 
losis and found that the reactions which occurred in the tissues and which 
were characterized by accumulations of monocytes, epithelioid cells and 
lymphocytes, were mirrored in the blood-stream. ‘They found that the 
number of circulating monocytes increased and that of lymphocytes 
decreased under the conditions of infection. Furthermore, they found 
that these changes in the blood ran parallel with the severity of the 
infection, and were reversed during periods of remission. By the use of 
the supravital method of staining these authors were able to demonstrate 
not only an increase in the number of the circulating monocytes but also 
a tendency of the monocytes to approach more and more the epithelioid 
cell in type as the disease progressed. Within the monocytes, the epithe- 
loid cells and the giant cells, as well as in the fixed tissues and exudates, 
they often found tubercle bacilli which were apparently alive, inasmuch 
as they were not surrounded by the vacuoles of neutral-red with which 
these cells usually surround engulfed material undergoing the process 
of digestion. As a consequence of these findings, they developed the 
hypothesis that the production of monocytes is stimulated in tubercu- 
losis; that degenerative changes occur in the monocyte which result in 
its conversion into an epithelioid or giant cell; that the monocyte is able 
to ingest but not to digest the tubercle bacilli; and that the monocyte 
therefore aids in the protection and spread of the bacilli, and hence in 
the extension of the infection. They concluded that the changes in the 


1 From the Department of Anatomy, Vanderbilt University, School of Medicine, Nash- 
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lymphocytes and monocytes in the blood may be ised as an index of the 
reactions in the tissues in any study of the progress of the disease. Why 
the monocytes were thus stimulated and altered, why they seemed un- 
able to destroy the bacilli which they were so capable of phagocytizing, 
why the blood became so profoundly modified, why the lymphocytes 
were so appreciably depressed :—the answers to these queries were not 
evident, but the changes in the rabbit were unfailing and therefore were 
believed to be of considerable significance. 

As an outcome of these findings and for the purpose of elucidation of 
the causes that underlie them, two series of studies were undertaken 
along different directions. One series had as its objective an investiga- 
tion as to any possible relationship between acid-fast microérganisms as 
a group and the changes which they may instigate in the tissues, and 
consisted of studies concerning the effects of various acid-fast microér- 
ganisms upon the same species in which the original studies with bovine 
tubercle bacilli had been made, namely, the rabbit. Reports of these 
studies, with smegma and leprosy bacilli, have been published recently 
(24) (14). The other series of studies had as its objective an investiga- 
tion of the reactions of various species of animals to one and the same 
acid-fast microérganism, with the possibility in view that the differences 
exhibited by various species to the same germ might throw light on the 
etiology of the reactions. For this latter series the microdrganism chosen 
was the human tubercle bacillus. The study of the reactions in the 
blood and tissues of the human being under the conditions of tuberculous 
infections has been reported (9). It was found that the same changes 
occurred in the mononuclear cells of the human being as took place in 
the rabbit; namely, that the circulating monocytes developed the char- 
acteristics of epithelioid cells, and that their absolute number was always 
increased in tuberculosis and varied in direct proportion to the grade of 
infection, while that of the lymphocytes fell as the disease progressed. 
Moreover, tuberculous exudates and material studied at biopsy showed 
large numbers of epithelioid cells. The changes in the blood were shown 
to be of valuable diagnostic and prognostic aid and were proportionately 
more marked in lymph-node cases and in those of childhood than in other 
types. These studies corroborated the hypothesis that the monocytes 
are stimulated and changed by a tuberculous infection and that their 
number is an index of the presence and extent of the infection. They 
also led to the theory that the lymphocyte is an index of, but not the 
direct cause of resistance, and that, therefore, the number of lymphocytes 
decreases with lessening resistance. 
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The guinea pig, in contrast to the rabbit and human being, was chosen 
as a third species of animal for the study of the blood and tissues when 
infected with human tubercle bacilli. This animal was selected both 
because of its known susceptibility to the human type of bacillus, com- 
pared to the relatively great resistance of the other species, and because 
of the differences it exhibits, in contrast to those species, in the normal 
counts of the various white blood cells. It is with this series of studies 
upon the tissues and blood of the guinea pig, after experimental infection 
with human tubercle bacilli, that this paper deals. 


LITERATURE 


When one contemplates the numberless guinea pigs that have been examined 
for the purpose of diagnosis or in the course of experimental study of tubercu- 
losis, one is astounded at the paucity of certain types of observations. From 
the standpoint of the pathology of the disease, reports are legion and need not 
be referred to in detail here. The picture of tubercle with the accumulation 
of epithelioid cells, giant cells and lymphocytes, and the picture of allergy, 
with acute inflammatory reaction proceeding to the slower one of tubercle, 
are familiar to all. Both the histological and the gross pathology of tubercu- 
losis have been reviewed again and again. Pertik (20) surveyed the subject 
very thoroughly in 1902. Krause (15), and Baldwin, Petroff and Gardner 
(2) have recently published equally complete reviews of the pathology, not 
only of primary infection but also of reinfection. 

In contrast to the multiplicity of pathological studies, very few reports 
have been made upon the cytology of the blood in the case of tuberculosis of 
the guinea pig. Claude and Zaky (7) reported high values for cells which 
they called mononucléairs moyens, but from their description of this group it 
is impossible to say that it did not include more than the monocyte. Like- 
wise normal control counts of the blood before infection were not given, and 
therefore no accurate judgment can be made as to the grade of change which 
they found in the blood after infection. Cantacuzéne (6) described a mononu- 
cleosis of the blood after intraperitoneal injections of “defatted” bovine bacilli, 
but did not state which of the mononuclear elements were included in this 
rise. Schloz (23) studied the changes in the blood of cattle, rabbits and guinea 
pigs after inoculation with tubercle bacilli, and after tuberculin. He con- 
cluded that the total white blood cells increased after infection, and that the 
percentages of lymphocytes and eosinophiles rose while that of the polymor- 
phonuclear neutrophiles fell. He made no note of the monocytes except to 
say that the transitional cells were included with the polymorphonuclear neu- 
trophiles and were of no importance. McJunkin and Charlton (16) found a 
marked increase of ‘endothelial leucocytes” in the peripheral blood of guinea 
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pigs after injections of tubercle bacilli. They found this to begin often as 
early as two weeks after injection. It is not clear what cell they meant by 
the term “endothelial leucocyte.” ‘That they did not include all of the forms 
which belong to the monocytic group is evident from the fact that they found 
the normal figure for guinea pigs to be 1.6 per cent, while our own values re- 
ported below, as well as those quoted in the literature, give a considerably 
higher figure. Berthelon and Delbicq (5) reported an increase in circulating 
polymorphonuclear neutrophiles for the first 48 hours after subcutaneous in- 
jection of tubercle bacilli. Subsequently, there occurred a marked rise in 
grands mononucléairs, which, in the case of the particular experiment given 
as an illustration, attained the surprising figure of 51.3 per cent on the seven- 
teenth day after inoculation. This gradually diminished in the course of the 
next three weeks of life and was supplanted by a terminal elevation of baso- 
philes to a figure of 22.9 per cent. The authors classified the mononuclear 
cells under the three headings of lymphocytes, moyens mononucléairs and 
grands mononucléairs, but lack of description of the cells distinguished by 
these terms makes it doubtful as to just which of the white blood cells they 
found influenced by the infection. 

Bender and DeWitt (3) made a careful study of the blood of 40 guinea pigs 
after inguinal subcutaneous inoculation of tubercle bacilli. They established 
controls by a series of studies upon the blood of normal guinea pigs, and made 
the interesting and pertinent observation that the blood of the adult guinea 
pig corresponds, in cellular relationships, to the blood of the human infant, 
and vice versa. ‘They divided their infected animals into an acute group, which 
consisted of guinea pigs which died within four months of the inoculation, and 
a chronic group, the animals of which lived about nine months. In the cases 
of acute infection, the circulating lymphocytes decreased markedly toward 
the end of life and the “endothelial cells” increased. As a general rule, the 
polymorphonuclear neutrophiles diminished, although they often exhibited 
a terminal rise. A marked decrease in coagulability of the blood occurred at 
the same time as the peak of the rise in the monocytes, and the authors sug- 
gested that both factors might be associated with the extensive injury which 
they commonly found in the livers of these animals. On the other hand, in 
the case of the chronic infections the various entities of the white blood cells 
exhibited marked fluctuations. The endothelial cells were elevated at times. 
The lymphocytes were not notably affected, and this observation was dis- 
cussed from the standpoint of evidence against the view that there is a con- 
nection between resistance and lymphocytosis. A statement was not made 
as to what forms were included in the term “endothelial cells,” but the im- 
pression is gained that only large mononuclears and transitional cells were 
meant. 

It will be seen that all of these reports gave evidence of changes in the mono- 
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nuclear elements of the blood, under conditions of experimental tuberculosis, 
but they left the answer uncertain as to which of the individual cell types were 
particularly involved. In all cases the cells were studied by various methods 
of fixed staining. Exudates were not described, nor were the cells analyzed in 
regard to possible qualitative changes in character. Dworski, Smith and 
Gardner (10), and Stewart, Long and Bradley (25) have reported the use of 
supravital stains in connection with experimental tuberculosis. They studied 
peritoneal exudates in reinfections and found a great increase in the number of 
monocytes under those conditions. They did not include studies of the blood. 
The reports, therefore, which were found in the literature have been both few 
and incomplete. They not only failed to give the clear-cut and consistent 
changes found by Cunningham, Sabin, Sugiyama and Kindwall in the blood 
and tissues of rabbits with tuberculosis, but, also, when changes evidently 
occurred in the infected guinea pigs they did not make clear which of the cells 
in the blood and tissues were affected. 


TECHNIQUE 


Thirty-six guinea pigs were studied in this series. After satisfactory con- 
trol observations had been made, they were inoculated intraperitoneally with 
suspensions of viable human tubercle bacilli, strain H37, and the observations 


were then continued until the death of the animal. The suspensions were 
made by trituration, with physiological saline solution, of young cultures of 
the bacilli grown on Petroff’s egg medium. After the trituration the suspen- 
sion was centrifugated at a speed sufficient to give it the desired dilution. 
The relative concentration of the suspension in bacilli was determined accord- 
ing to the method described by Baldwin, Petroff and Gardner; that is, an 
average count was made of the number of bacilli to the oil-immersion field after 
a standard loopfull of the suspension had been spread upon a surface of 1 sq. 
cm. By comparison with counts made by means of the Petroff-Hausser 
bacterial counting-chamber, it was found that, with the standard loop and 
magnification used in these experiments, one bacillus to the oil-immersion field 
corresponded to approximately 1,300,000 to 1 cc. The preparations of the 
suspensions were done under conditions of sterile technique, and inoculations 
were made immediately following preparation. In most instances, only 1 
cc. of suspension was given, although a few animals received 2 cc. The con- 
centrations, on the other hand, varied widely from group to group. The 
differential blood counts were made from smears stained with neutral-red 
by the supravital technique. Total white blood cell counts were made at 
each examination, and from these values the absolute numbers of the various 
white cells of the blood were determined. 

Upon the death of the animal a complete autopsy was made. This included 
observations upon the gross pathological changes, and, in addition, tissues 
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from lymph nodes, bone-marrow, liver, spleen, kidneys, testes, suprarenal 
glands, peritoneum and lungs were preserved in Helly’s solution. These 
tissues were embedded and cut, and the sections were stained with haematoxy- 
lin and eosin, Weigert’s connective-tissue stain, or carbol-fuchsin. When- 
ever autopsy could be performed quickly enough after death, smears of all 
tissues and exudates were stained with neutral-red by the supravital technique. 

Throughout the course of study, the animals were fed oats and cabbage ad 
lib. They were weighed at frequent intervals and were found, before inocula- 
tion, to gain weight consistently and show excellent physical condition on this 


diet. 


PRESENTATION OF DATA 


The different white cells of the blood were computed in absolute num- 
bers, since in that way a more accurate estimate of any changes in the 
various entities is obtained than by differential percentages alone. The 
absolute numbers of lymphocytes, monocytes and polymorphonuclear 
neutrophiles were charted for every count on each animal in order that 
a graphic representation might be shown of the relationships of the 
different cells to each other and to the date and amount of inoculation. 
Charts 1, 2, 3, 4 and 5, for guinea pigs 18, 29, 46, 53 and 56 respectively, 
were selected as representative of the group to which the animal belonged. 

All significant data upon each individual guinea pig have been included 
in table 1. The animals are grouped according to the date and amount 
of inoculation, each animal of a given group having received the same 
amount of the same suspension on the same date. The number of 
bacilli inoculated is given for each group, as is also the duration of life 
in days of each guinea pig after its inoculation. The absolute numbers 
of the monocytes, lymphocytes and polymorphonuclear neutrophiles 
have been averaged to give the mean values before and after inoculation, 
and these are included in the table. Likewise, averages of the last two 
counts before death have been tabulated for the polymorphonuclear neu- 
trophiles, lymphocytes and monocytes. This has been done to show the 
marked changes which often occurred in these cells toward the period of 
exttus. ‘The mean of the counts after injection shows the general tendency 
and average amount of change in the cells, and includes not only the 
final counts with the marked changes, but also the early postinoculation 
counts with little or no change. Hence the mean tends to smooth out 
the modifications that occurred in the blood-counts after inoculation. 
The averages of the final counts magnify, as it were, the changes which 
had been taking place after inoculation. 
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Finally, tabulations are given for the number of days subsequent to 
inoculation before definite and lasting changes became evident in the 
numbers of lymphocytes and monocytes respectively. These are really 
only approximate intervals, inasmuch as the changes in the cells were 
usually gradual rather than of sudden onset, and therefore only an 
estimate can be made as to the time when they began. 

Besides charts 1, 2, 3, 4 and 5 of the findings in the individual animals. 
which were selected as representative of each group, chart 6 has been 
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Cuart 2. Curves of absolute numbers of circulating polymorphonuclear neutrophiles, 
lymphocytes and monocytes before and after inoculation of guinea pig 29. 


given to show the relationship between the numbers of bacilli inoculated 
and the duration of life following injection. 


EXPERIMENTAL FINDINGS 


The lack of resistance of the guinea pig to the human tubercle bacillus 
is astounding and should offer some explanation concerning the factors 
which regulate the relatively great resistance to the infection which is 
often shown by other species. No matter how few microérganisms were 
inoculated, every guinea pig ultimately succumbed to the infection. 
The duration of life following inoculation varied somewhat from animal 
to animal in any given group, but, on the whole, when the animal received 
50,000,000 or more bacilli, it remained fairly constantly in the neighbor- 
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hood of three weeks. The effects of massive inoculations with amounts 
greater than 300,000,000 bacilli were not studied. When less than 
50,000,000 bacilli were given, the duration of life was much longer and 
varied considerably with the size of the inoculation. It extended even 
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Cuart 3. Curves of absolute numbers of circulating polymorphonuclear neutrophiles, 
lymphocytes and monocytes before and after inoculation of guinea pig 46. 


to twenty weeks when as few as 400,000 bacilli were given, but invariably 
each animal sooner or later succumbed with a generalized infection. 
Chart 6 shows the variations in length of life which occurred after injec- 
tions of different quantities of the bacilli. 

Not only was the death of every animal of the series invariable after 
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inoculation, but marked changes in the monocytes and the lymphocytes 
of the circulating blood invariably occurred likewise. The charts for 
the individual animals (nos. 1-5) show graphically that sooner or later 
the monocytes increased after inoculation. Toward the end of life of 
practically every animal the monocytic counts were markedly higher 
than the normal control counts. The mean of the counts following in- 
oculation is naturally influenced by the length of time that the increase 
in monocytes continued, but the table shows that even when this was 
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Cuart 4. Curves of absolute numbers of circulating polymorphonuclear neutrophiles, 
lymphocytes and monocytes before and after inoculation of guinea pig 53. 


brief the mean tended to be elevated in comparion with the normal and 
this increase was greater the longer the animal lived. But whether the 
mean of the monocytic counts following injection changed significantly 
or not, it can be seen, from the charts or from the column in the table 
which gives the averages of the last two counts on the animals, that the 
monocytes definitely increased after inoculation. The mean of the 
increase shows little relationship to the number of bacilli inoculated, 
except in so far as it is connected with the longer tenure of life. When 


ag 

ig 

9,000 

! 1 q 

7,000 T 4 

6,000 

5,000 1 & 
= 
4,000 Ge (-) 4 

\ Y \ 
3,000 (+) 

2m | 

CY 

1,000 \ 

Nov 


a 
< 
a 
a 
3) 


i=) 
n 


N 


696‘L 
LLS‘S 
sre ‘9 


66L‘9 


ses ‘9 
971 ‘F 


09¢ ‘OT 
767 
‘6 
‘6 
OLE ‘ZT 


TEL ‘6T 


072 ‘OT 
086 ‘ET 
‘FT 
888 ‘OT 
‘ZI 
919‘6 
‘OT ‘OT 
086‘6 


xt 
SSVI NNN 


N 


= 
S 


om Nm 
MH 


N 


NNNN OH OD 


$}UNOZ OM} 


wonsefuy 


a10}9g7 


a10jaq 
SBT 


ar0jaq 


SSONVHOD 
NOILOaLNI 
NZIMLAG SAVA 


sapiqdoutsoy 


poor 
[BIOL 


SONIGNIZ 


NOILOS[NI AALAV AO SAVA 


‘IVAINV 40 


TIGVL 


472 
SS Am nmvod 
oo wooorv > 
oo 2AM © 
ve) RAMAN = 
CoO 
SSSARBS 
~ 
06 novorm 
OW 
an SR2SSLS 
N ~A Hon 
ODNMNMON COMMA AN 
N 
ovo 
n ie) 
— 
—| - N 
| 


‘spuesnoyy, = = “We 


$86‘6 |400°9 | 90T 
| 08 ¢9 
|087‘6 | 6T 


‘FT 19 
|SL8‘ST 09 
OSs‘LT ‘IZ 6S 
981‘9T |00F‘ST LS 
‘ST 9S 


|L00'6 
OOL‘LT |ZTS‘9T 
L9Z‘ZT 
008‘OT |OSL‘FT 


LLZ‘ET 
|007‘8 
OFT ‘ET 
SL6‘TT |908‘8 
09s‘6 
‘OT 


A 
= 
jo) 
wn 
< 
=| 
Z 
=) 
n 


$$$ $$$ 
OMAN S Coon 
MANANAN tn + HN 

OOM HAN Nm own o 

q 
q 
4 
+ 
On 


474 CAMP, LUTON, TOMPKINS AND CUNNINGHAM 


the number of bacilli inoculated was such that the animal died within 
three to seven weeks, the monocytes increased irrespective of the size 
of the inoculation. 

The increase in monocytes began at variable intervals after inoculation, 
depending somewhat upon the number of bacilli introduced, but on the 
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Cuart 5. Curves of absolute numbers of circulating polymorphonuclear neutrophiles, 
lymphocytes and monocytes before and after inoculation of guinea pig 56. 


whole its onset was about two weeks after the inoculation. Likewise, 
it started at variable lengths of time before death. In the case of the 
animals which lived but a few weeks, and therefore of those with the 
larger inoculation, it preceded death by only a few days. In those with 
a long tenure of life, it preceded death often by many weeks (groups 6 
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and 7). The mean normal monocytic counts, before inoculations, also 
showed little relationship to the average increases following the inocula- 
tions, or to the tenure of life. Often those animals with the highest 
normal averages for monocytes in any one group of the series lived long- 
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Cart 6, Relationship between the days of life following inoculation of the individual 
guinea pigs and the numbers of microdrganisms injected. Abscissae: Numbers of micro- 
organisms inoculated. Ordinates: Days of life following inoculation. T.: Thousands. M.: 
Millions. 


est, or vice versa (for example, animals 26, 54, 57 and 63). Likewise, 
neither the average number of monocytes after inoculation, nor the 
terminal number, showed any relationship to the time of death. In 
many animals (for example, animals 46 and 56, charts 3 and 5), there 
was a striking terminal increase in monocytes, but in others there was 
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no change at exitus from that which had gradually occurred following 
inoculation, and likewise the terminal monocytic counts did not neces- 
sarily differ from counts which had occurred earlier in the postinoculation 
period and through which life had continued. 

Practically all of the animals showed generalized tuberculosis, although 
it was older in some than in others and tended more to a caseous type. 
Hence it is difficult to draw any analogy between the grade of monocytic 
increase and the extent of pathological lesion, except that pathological 
lesion, that is, infection, was accompanied by increase in monocytes. 
The animals which lived longest showed the most marked changes in 
the liver and spleen; they were usually the cases which presented the 
greatest average increase in monocytes, but not necessarily the greatest 
specific increase of monucytes. While at first glance this seems a corre- 
lation of monocytes to extent of lesion, such is not necessarily the case 
since the average increase is ambiguously large because of the mathe- 
matical effect of moderately increased counts over a long period of time, 
and therefore it is impossible to state whether the duration or grade of 
change in the monocytes is the more important factor. 

In the animals which lived three weeks or more after inoculation, the 
circulating monocytes in many instances varied strikingly in character. 
Usually the changes were not obvious when the cells first began to in- 
crease in number, but when the increase continued they always became 
characteristically evident. They consisted of changes in both vacuoles 
and nuclei. The vacuoles became greatly multiplied and markedly 
decreased in size, so that they seemed much more finely disseminated 
than ina normal cell. As the process continued, these vacuoles arranged 
themselves more characteristically into a rosette in the Hof of the nucleus 
with the finer vacuoles near the centre of the rosette. In other words, 
they approached more and more the character of the epithelioid cell. 
As this process occurred, cells, with nuclei about to divide or dividing, 
appeared more frequently, so that the impression was gained that there 
was a greater nuclear activity than in the normal monocytes of the blood. 

While the monocytes always increased after inoculation, the lympho- 
cytes invariably exhibited a definite downward trend. In this respect, 
they reacted in inverse manner to the monocytes, but otherwise the re- 
lationship of their reaction to strength or date of inoculation, to time of 
death, to the normal level of lymphocytes before inoculation, to terminal 
counts, to the average decrease, or to autopsy findings, is no more definite 
than in the case of the monocytes. The number of bacilli inoculated 
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had no influence upon the mean decrease. From the table it can be 
seen that the animals of group 4 with a moderately small inoculation 
suffered very little decrease in lymphocytes, while those of group 5, 
with about the same size of inoculation, and of group 6, with a very small 
one, showed marked diminutions of the lymphocytes. On the other 
hand, the animals of groups 1 and 3, which received large inoculations, 
also exhibited a considerable decrease in lymphocytes. 

The length of life likewise showed no definite relationship to the de- 
crease inlymphocytes. In the animals which lived for the longer periods 
of time (groups 6 and 7) the lymphocytic counts toward the end of life 
undoubtedly tended to figures lower than in those animals which suc- 
cumbed more quickly. On the other hand, the mean values following 
inoculation were not consistently any less in the animals which lived for 
many days than in those which died shortly after inoculation. If the 
decrease in lymphocytes extended over a considerable period of time, it 
would be expected that the mean postinoculation figure would be of 
lower magnitude in the animals which lived for long than in those which 
lived for only short periods. The fact that this is not the case in the 
animals which survived the longest indicates that, with the low terminal 
values, there must have been a compensatory period of normal or high 
values. The table shows low lymphocytic counts for the average of the 
last two determinations before death in practically all animals, and this 
decrease was more marked in the animals which lived for long periods 
after inoculation. These averages of the last two counts showed very 
little relationship to the mean postinoculation counts. The decrease in 
lymphocytes began at irregular intervals following inoculation, but 
appeared somewhat later in the groups with the smaller inoculations 
(groups 6 and 7). Likewise, the interval between the onset of decrease 
in lymphocytes and death was somewhat greater in the group with the 
smaller inoculations. It practically never began earlier than five days 
after inoculation. The amount of either final or average decrease in 
lymphocytes bore no relationship to the normal number of lymphocytes 
before inoculation, nor did the length of life seem to depend upon this, 
since often the animals which lived longest in any one group were those 
with the lowest normal lymphocytic counts, or vice versa (49, 53 and 61), 
and often animals died with terminal values considerably above the low 
terminal values of the animals which lived longer. 

As in the case of the monocytes, the pathological lesions were so gen- 
eralized in all of the animals that no correlation could be drawn between 
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them and the decrease in either the mean or terminal values of lympho- 
cytes after inoculation. It can only be said that the animals which 
survived the longer, those of groups 6 and 7, showed more marked 
terminal decreases in circulating lymphocytes and more extensive 
changes of the spleen and liver than did the animals which lived a 
shorter time. 

As is to be expected, when the monocytes consistently increased and 
the lymphocytes consistently decreased, these cells tended to approach 
each other in absolute numbers or even to exchange places in practically 
all of the animals. This is shown well in all of the charts for individual 
animals (charts 1-5), in which it can be seen that the lines representing 
the two types of cells often cross. The magnitude of decrease in lympho- 
cytes was not necessarily consistent with that of increase in monocytes, 
as can be seen from the figures given in table 1 for animals 13, 18 and 19, 
in which instances the lymphocytes showed practically no change, 
while the monocytes were considerably elevated. A terminal decrease 
in lymphocytes was also not necessarily coincident with a terminal 
increase in monocytes, as is shown in charts 2 and 5 for animals 29 and 
53 respectively. Likewise, the averages of monocytes and lymphocytes 
for the last two counts before death bore no consistent relationship to 
each other. Yet, regardless of these irregularities in the changes of the 
two types of cells, one may say that in general a decrease of lymphocytes 
occurred coincidentally with a rise of monocytes. This means that the 
ratio of the monocytes to the lymphocytes invariably changed and was 
a mathematical expression of the fact that the infection was active, and 
that the effect upon those two types of cells was in play. 

When we turn to the polymorphonuclear neutrophiles and the total 
white blood-counts, we see no constant changes that may be related to 
any of the factors of infection. Marked elevations of both occurred 
frequently in all animals during the course of infection, but they bore no 
relationship in time or magnitude to either concentration of injection, 
time of injection, tenure of life, pathological changes, or changes in 
monocytes or lymphocytes. The one fairly constant feature is an eleva- 
tion toward the end of life and this is seen in the majority of the animals 
in practically every group. 

The pathological findings in the guinea pigs can be divided into two 
groups, those in which the tuberculous process was old and far advanced 
and had involved the lungs, and those in which it was younger and when 
frequently the lungs were but slightly affected. The duration of infec- 
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tion, rather than the size of inoculation, seemed to determine into which 
group an animal would fall. The animals which died quickly, and this 
included those with the larger inoculations, showed younger tubercles, 
less involvement of liver and spleen, often none of lungs, more normal 
lymph nodes, and less or often no caseation or fatty changes. Those 
which lived longer showed the reverse: that is, marked involvement of 
lymph nodes, liver, spleen, lungs and peritoneum, with considerable 
fatty changes. The gross changes need not be detailed further than this, 
for they were simply the characteristic picture of young or old tubercu- 
losis, respectively, descriptions of which have been given so often else- 
where. The microscopic changes of the tissues were correspondingly 
characteristic of the two stages. The younger infections showed num- 
erous accumulations of mononuclear cells, lymphocytes, some polymor- 
phonuclear neutrophiles, with but little fibrous tissue and a moderate 
number of giant cells. On the other hand, the older infections showed 
fewer lymphocytes, much more cellular degeneration, especially with 
marked intracellular vacuolization and considerable fibrosis. The livers 
especially in these two groups were very different. In the early infec- 
tions the picture was typical of tuberculosis during the stage of tubercle. 
In the late infections, tubercle, as such, was completely overshadowed by 
secondary changes. Practically no normal tissue existed. The cells 
were massively vacuolated and swollen until the normal configuration 
of strands of cells was lost, and about the periportal spaces there was 
much fibrosis. 

Supravital staining of these tissues with neutral-red showed numerous 
monocytes and characteristic epithelioid cells, with fine droplets of the 
dye arranged in rosette formation. The cells contained bacilli, often in 
large numbers and of various sizes. At times these were surrounded by 
red vacuoles; at times they lay as refractive bodies completely uncolored. 
Bacilli too lay free in massive numbers, whether because of destruction 
of cells which had contained them (by the technique employed in the 
preparation of the slides), or whether originally extracellular in the 
tissues, cannot be said. In the fixed preparations also, bacilli were 
easily demonstrated by carbol-fuchsin staining. 


DISCUSSION 


In a series of experiments such as this, one is at once confronted with 
a number of variable factors which make cut and dried conclusions an 
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impossibility. There is always the factor of the varying resistance from 
animal to animal. To be sure, a species of animal was employed which 
has been shown in the past, and has certainly proved in these experi- 
ments, to have practically no resistance to the microérganism studied. 
This lack of resistance of the species should, in itself, be a factor of impor- 
tance in the study of immunity to tuberculosis, and will be discussed 
again. No matter how minute the quantity of bacilli inoculated, the 
animal became infected and died. Still, within any given group of 
animals receiving the same numbers of bacilli, there was some slight 
variation in resistance, as evidenced by different tenures of life after 
inoculation. The other factor which varies sufficiently to make conclu- 
sions difficult is that of the amount and virulence of the infecting micro- 
organisms. Virulence was well controlled within a group of animals by 
inoculating suspensions made from a single growth. But from group to 
group, when different cultures were necessarily employed, the virulence 
of the bacilli inoculated probably varied, no matter how carefully the 
conditions of growth were controlled; and even among the animals of the 
same group, in which one and the same suspension had been employed 
and in which measurements of the suspension had been as accurate as 
was technically possible, there were, without doubt, small variations 
in amounts of inoculation which carried with them large variations in 
the numbers of bacilli introduced. Therefore, in a series of experiments 
of this type there are two variable factors, individual resistance and 
virulence of parasite, which cannot be completely controlled and which 
must always be considered in drawing conclusions. 

With these factors in mind, we may ask what general facts are to be 
deduced from the preceding experiments. In the first place, every 
animal died with generalized tuberculosis, irrespective of the number of 
bacilli with which it was inoculated. Every animal showed practically 
identical pathological findings which varied only in extent and age, 
dependent upon the length of time which the animal lived after inocula- 
tion. Every animal exhibited a marked infiltration of most of the organs 
with monocytes and epithelioid cells, and a generalized dissemination of 
tubercle bacilli throughout the body. Every animal suffered gradual 
loss of weight following inoculation. Every animal showed an increase 
in circulating monocytes and a decrease in circulating lymphocytes after 
inoculation. 

When one attempts more specific conclusions or explanations, the 
variable factors of resistance and virulence become more confusing. 
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The guinea pigs studied in this series had practically no native resistance 
to the human tubercle bacillus. Yet, on the whole, the cellular reactions 
of the guinea pig to the infection were the same as in the rabbit and 
human being, which are alleged to have far greater resistance. The 
blood of all exhibited similar changes. The guinea pig normally has a 
greater number of lymphocytes per cubic millimetre in the circulating 
blood than have the other two species. Is the minimal resistance of 
the animal to tuberculosis involved in this factor? Among human cases, 
children are more susceptible to tuberculosis than are adults. They also 
have greater numbers of circulating lymphocytes than have adults. 
These observations would suggest a connection between susceptibility 
and a high normal lymphocytic level of the blood. Yet, on the contrary, 
it was demonstrated experimentally by Murphy (18) and was seen in 
each of the experiments of this series, that resistance to tuberculosis was 
best when the number of circulating lymphocytes was high. The most 
feasible explanation of this discrepancy would seem to be an hypothesis 
that the lymphocytes themselves are not concerned in the resistance, 
but are merely an index of resistance and are themselves injured or their 
production inhibited by some toxin produced in tuberculosis. That is, 
when they are normal, either the toxicity of the infection is slight, or 
resistance to the toxin is marked and the lymphocytes are protected. 
In conformity with this hypothesis the special susceptibility of children 
and guinea pigs would not be contradictory to their normal high level 
of lymphocytes. If we assume a toxin, what isit? Is it a factor of the 
bacillus itself, or is it a factor of the infection itself? The experiments 
reported here suggest that the latter may be the explanation. If some 
factor inherent in the bacillus itself were the toxin, causing the decrease 
in lymphocytes, one would expect a constant relationship in time be- 
tween injection and decrease, and also a parallel relationship between 
amount of decrease and number of bacilli introduced. The decrease in 
numbers of circulating lymphocytes occurred at very irregular intervals 
after injection and, moreover, when the number of bacilli injected was 
small, the decrease occurred many days later, but was as great, if not 
greater, than that which occurred shortly after the larger injections. 
This would seem to connect the toxicity with an active infection rather 
than with a chemical constituent of the bacillus per se. If that is the 
case the decrease in lymphocytes would be due to one of two factors. 
In the first place it might be due to some toxin which is liberated within 
the infected body by one or other of the invaded tissues or which has 
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accumulated because of failure of the infected tissues to remove it 
normally. In the second place the decrease in lymphocytes might be 
due to a failure of the normal mechanism which maintains the production 
of lymphocytes. The nature of this mechanism is unknown. Whether 
it be a toxin or a lack of stimulation to their production which accounts 
for the decrease in lymphocytes, the explanation may well be interwoven 
with that of resistance to tuberculosis and thus explain the improvement 
in the disease when measures which stimulate lymphocytes are instituted. 
The increase in lymphocytes, under such conditions, would be an index 
either of the destruction of the toxin or of the increase in some factor, 
which had generalized systemic effects, connected with resistance, of 
which the increase in lymphocytes is but one manifestation. 

Not only were the responses of the lymphocytes under the conditions 
of infection much the same in the rabbit, guinea pig atid human being, 
but likewise those of the monocytes were very similar in the different 
species. The monocytes increased in numbers as the condition became 
more critical and decreased with improvement. This is comparable to 
the reaction which occurs in the case of the polymorphonuclear neutro- 
philes in pyogenic infections and which is regarded as a reaction of 
defense. Yet were the response of the monocytes in tuberculosis also a 
defensive reaction one might expect mastery of the infection on the part 
of some of the animals that evidenced specially active monocytic in- 
creases. Such, however, was never the case. Indeed the fact that these 
cells invariably increased, and that the increase was greater as the disease 
progressed, may be interpreted as a factor of nonresistance and is in 
line with the interpretation suggested by Cunningham, Sabin, Sugiyama 
and Kindwall that the monocyte propagates the infection by protection 
of the bacillus. One questions here, as in the case of the lymphocytes, 
whether this cellular reaction is the response to a product of the bacillus 
itself or to that of some substance resulting from injury to the tissues by 
the bacillus. The lack of regularity in the interval between inoculation 
and the onset of increase in the monocytes, and the absence of parallelism 
between the numbers of bacilli inoculated and the amount of increase of 
the cells, make the latter explanation the more likely. On the other 
hand, Sabin and Doan (22) have shown that the phosphatide fraction 
of the bacillus, when given intraperitoneally, causes marked increases 
in the monocytes of the blood and peritoneal exudate. Whether this 
is a direct reaction to the chemistry of the phosphatide, or to tissues 
destroyed by the phosphatides, cannot be said at this time. That the 
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increase in monocytes throughout the tissues in tuberculosis is simply a 
foreign-body reaction is not likely, in view both of the suddenness of 
the increase, often long after the injection, and of the very obvious up- 
ward course that it pursues. If, on the other hand, the monocyte is 
called forth by tissue injury, the specific stimulant might be toxic prod- 
ucts, either from the particular tissue destroyed, or from an increase in 
toxic substances normally removed from the body by those tissues. In 
this connection it is interesting to note that from the clinical and experi- 
mental sides there is evidence of the production of monocytes in a variety 
of conditions, all of which have in common an injury of the liver. Jones 
and Minot (13) found the cells increased in infectious jaundice. Minot 
and Smith (17) reported an increase of the monocytes of the blood in 
cases of tetrachlorethane poisoning. Murray, Webb and Swann (19) 
observed an increase in circulating monocytes in rabbits epidemically 
infected with Bacillus monocytogenes and also found that the livers were 
involved. Holt (11) showed experimentally that the circulating mono- 
cytes were increased in the rabbit after ligation of the bile-duct to the 
anterior lobe of the liver. 

These findings of an increase in the number of the circulating mono- 
cytes, in conditions that have in common an injury of the liver, give 
significance to the fact that this organ is always involved in the guinea 
pig in tuberculosis, while in the rabbit and the human being, which have 
much more resistance, it is seldom involved to any marked degree. In 
the guinea pig, the liver shows early and massive tubercle-formation, 
while it may show no definite changes even late in the disease in the 
other species. To be sure, the circulating monocytes increase in each 
species, and therefore a direct communication between extent of hepatic 
disturbance, lack of resistance, and increase in monocytes is not ob- 
vious; nevertheless it is certainly possible that these factors are mutually 
connected with each other. 

The correlation of the changes in the lymphocytes and monocytes is 
of interest. In a typical tubercle one sees collections of both types of 
cells. The impression is gained that both are greatly increased in the 
tissues in advancing tuberculosis. In the blood, on the other hand, 
there is a marked and progressive decrease in the lymphocytes which 
runs fairly parallel with an increasing number of monocytes. Such 
findings give rise to a number of questions. Has the reaction in the 
fixed tissues called for lymphocytes to such an extent that the demand 
has outrun the production with a resulting lymphopoenia; are the 
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lymphocytes being destroyed by toxins; or is their production fail- 
ing? Is the rise in monocytes connected with the fall in lymphocytes; 
is some one substance both a stimulant to the monocytes and a toxin 
to the lymphocytes; do they arise from a single stem-cell, which may 
be stimulated to produce in one of two directions; or are two separate 
factors at work, each having its specific effect upon a separate cell? 
The changes in the two types of cells were not always coincident in 
time of onset following inoculation, nor were they necessarily of equal 
magnitude, and yet there was a very general tendency to reciprocal effect. 
The increase in monocytes started perhaps slightly earlier than did the 
decrease in lymphocytes, and hence tended to extend over a somewhat 
longer interval before death. Likewise, there were instances in which 
the change was slight in one type of cell and marked in the other. Thus 
it would seem from these observations that, while the possibility should 
be borne in mind that the changes in these cells in tuberculosis may repre- 
sent some finely adjusted reciprocal balance between the two, the experi- 
mental evidence is not sufficient to warrant such a conclusion. 

The analysis of the pathological changes of a tuberculous guinea pig, 
in connection with its lack of resistance and with the changes in the blood, 
brings out features that have been touched upon elsewhere, but are 
worthy of consideration in more detail. The gross morbid changes of 
the guinea pigs of our series, that died with tuberculosis only a few weeks 
or less after intraperitoneal inoculation, were invariable; the formation 
of young tubercles throughout the liver, spleen, peritoneum and mesen- 
teric lymph nodes, with often only very slight involvement of the lungs. 
In other words, the bacilli had spread throughout the system. Micro- 
scopically these young tubercles showed characteristic masses of epithe- 
lioid cells and lymphocytes. There was relatively little vacuolization 
of the hepatic cells at this stage. The lymphocytes appeared normal. 
The monocytes approached the epithelioids in type, and both they and 
the latter contained large numbers of bacilli of various sizes. Bacilli 
were never found in the lymphocytes. The neutral-red vacuole of the 
monocyte is considered by many to represent its phagocytic capacity or 
activity. In the modified monocytes and epithelioid cells, seen in tuber- 
culosis, the number of vacuoles is greatly increased above that of the 
normal monocyte, but their size is much diminished. This suggests 
that the phagocytic activity is decreased. This change is the earliest 
evidence of the degenerative cycle which ensues. Fat droplets next 
appear in the periphery of these cells and gradually fill the entire cyto- 
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plasm, after which the cells reach a stage in which there are few or no 
neutral-red droplets. This is the final stage before disintegration. This 
series of changes accords well with a decreased phagocytic ability. Fre- 
quently the bacilli are not surrounded with neutral-red, which observa- 
tion may indicate that the bacillus has not been subjected to digestion 
up to that point. When these observations are correlated they appear 
to be in agreement with the suggestion of Cunningham, Sabin, Sugiyama 
and Kindwall that the monocytes and epithelioid cells are so injured by 
the bacilli, which they have ingested, that they cannot destroy them and 
hence allow the microérganisms to multiply. If this line of reasoning is 
correct, it is undoubtedly this cell which is active in the propagation of 
the infection throughout the system. 

In the animals which lived longer the pathological appearance changed 
from the picture of young tubercles to one in which considerable genera- 
lized necrosis and fibrosis were superimposed. In addition to these 
changes the hepatic cells showed tremendous vacuolization and accumu- 
lation of fat. In fact the liver was so markedly involved that the activity 
of its cells must have been many times below the normal. In these 
animals it was always proportionately more involved than the remainder 
of the organs. The meaning of these observations is not clear, but one 
is strongly tempted to connect them with the unfailing susceptibility of 
the guinea pig. The marked changes in the distribution of fat in our 
guinea pigs is of interest. The animals became emaciated and yet, as 
stated above, the hepatic cells were filled with fat droplets. The sugges- 
tion has been made by Wells (26) that such transformations are colloidal 
in character and of such a nature that the fat, normally held in invisible 
suspension, coalesces and becomes visible, owing to autolytic or hydro- 
scopic changes with accompanying disturbances of the acid-base equilib- 
rium. The liver is undoubtedly an organ to which fat is transported 
from the depots and there prepared for metabolism. When the function 
of this organ is disturbed, the fat is probably still transported to it, but 
no longer transformed and catabolized, and hence it accumulates in 
greater and greater amounts within the cells. Wells discusses this point 
of view in detail. 

There is much confusion in the literature regarding the relationship of 
fats to the blood-cells, but the reports of Anitschkow (1), and of Jaffé and 
Levinson (12), showing stimulation of the ‘“‘reticulo-endothelial’” cells 
from ingestion of fats, suggest that the disturbance in fats, so marked 
pathologically in tuberculous tissues, may be connected with the increase 
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in monocytes. The work of Sabin and Doan upon the stimulation of 
these cells by the phosphatides of the tubercle bacillus and of Ray and 
Shipman (21) upon the reactions in the tissues after injection of various 
lipins (including that from the tubercle bacillus) are in accord with this 
suggestion. On the other hand, Bergel (4) has shown that lymphocytes 
possess a fat-splitting enzyme, and if such is the case, the fall in lympho- 
cytes, evident from the blood in tuberculosis, may be connected with the 
marked accumulation of fats. Yet these factors, while possibly explain- 
ing the fatty infiltrations, do not explain why the liver is so much more 
involved in the guinea pig than in other species, nor - the lymphocytes 
are decreased in the disease. 

There has been much discussion in the past concerning the reaction of 
the total white blood cells and of the polymorphonuclear neutrophilic 
leucocytes in tuberculosis, and considerable divergence of opinion has 
arisen as to whether they remain unaffected or are increased in numbers. 
The most generally accepted view is that they react at the earliest stage 
of the infection, that they again react when necrosis and caseation occur 
or when a reinfection ensues but that otherwise they increase in tubercu- 
losis merely as a response to a secondary infection. In this series they 
showed fluctuations from time to time which bore no obvious relation- 
ship to either the date of inoculation or to the reactions of the other cells. 
They evidenced no important or constant position in the reactions in the 
fixed tissues and frequently were practically absent from the growing 
tubercles. The one finding which was rather consistent was a marked 
terminal rise in both the total white blood cells and polymorphonuclear 
neutrophiles. That this was not the cause of death is obvious from the 
fact that throughout the course of the infection there were often eleva- 
tions of equal magnitude, but its consistency, preceding death, gives it 
some relationship to exitus. Most probably it represented a response 
to massive necrosis or eruption of centres of caseation. 

We have discussed in detail the possible significance in the findings of 
the blood and tissues of the guinea pig in tuberculosis with relation to 
those which occur in other species, and especially with relation to the 
factors of resistance. We have shown that the reactions which occur in 
the human being, the rabbit and the guinea pig are relatively of the same 
character and intensity, although the grade of resistance to the infection 
in the different species varies greatly. We have shown that these reac- 
tions involve the lymphocytes and monocytes in very special ways, in 
both blood and tissues. We have indicated the possibility that the reac- 
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tions are dependent, not upon the chemical characteristics of the bacilli 
alone, but upon the more complex factors of tissue injury. Beyond these 
rather certain findings, however, the lines of discussion, as to the causes 
and significance of the changes, are but possibilities as suggested by the 
findings. They are by no means accepted theories. They are discussions 
of the avenues which seem the most fruitful lines of approach toward a 
better understanding of the significance of the reactions in tuberculosis, 
and toward control or encouragement of these reactions as the facts may 
indicate. When more is known of the etiology and function of the lym- 
phocyte and of the monocyte, more will be understood of their significance 
in tuberculosis. That they are evidently the fundamental tissues in- 
volved in the susceptibility or lack of susceptibility of the infected organ- 
ism, and that their responses may be read from the blood throughout the 
course of the disease, and are always of a characteristic type, is evident 
without a doubt. 


CONCLUSIONS 


1. Intraperitoneal inoculations of the guinea pig with human tubercle 
bacilli invariably resulted in fatal infection. After inoculations of 
50,000,000 or more bacilli the tenure of life averaged three weeks; after 
inoculations of smaller numbers life was irregularily prolonged. 

2. The pathological changes in all the animals were characteristic of a 
generalized tuberculosis and showed three outstanding features: 

A. The tissues in the early infections showed the characteristic 
picture of tubercle, that is, collections of monocytes and epithelioid cells 
which contained bacilli and were more or less intermingled with lympho- 
cytes. 

B. The tissues in the older infections presented much fibrosis, and 
often necrosis superimposed upon the earlier single tubercles. 

C. The liver invariably presented massive infection. It was con- 
sistently far more involved than is usual in tuberculous infection of the 
human being or the rabbit. In the older infections the parenchymatous 
cells were tremendously vacuolated and filled with droplets of fat. 

3. The blood showed definite changes following inoculation. 

A. The lymphocytes decreased in number. The diminution was 
most marked toward exttus. 

B. The monocytes increased in number and developed many of the 
characteristics of epithelioid cells. The increase was most marked 
toward exitus. 
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C. The magnitude of these reactions was independent of the num- 
ber of bacilli with which the animals were inoculated. 

D. These reactions began earlier after inoculation when large num- 
bers of bacilli were inoculated than when smaller numbers were inocu- 


lated. 

E. These reactions were found to be an index of infection and to 
parallel the progress of the disease. ‘ 

F. The changes in the total white cell counts and in the polymor- 
phonuclear neutrophiles bore no constant relationship to date of inocu- 
lation, or to the reactions in the monocytes and lymphocytes. 
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THE SIGNIFICANCE OF POSITIVE AND NEGATIVE 
SPUTUM FINDINGS IN PULMONARY 
TUBERCULOSIS! 


MAX PINNER anp WALTER I. WERNER 


Pulmonary patients with sputum in which tubercle bacilli cannot be 
demonstrated present the chief diagnostic problems in sanatoria. This 
group of patients comprises as a rule cases which are carried under the 
unsatisfactory label of “tuberculosis suspects” for a long time, a term 
which in mentally and nervously labile individuals is conducive to the 
development of tuberculophobia and hypochondria. Patients with 
arrested and healed tuberculous lesions, others with definitely nontuber- 
culous processes, cardiacs, sufferers from upper respiratory infections and 
the fugitives from the struggle of life into the haven of disease, are others 
in the ‘‘negative” groups. 

The literature on this subject is so vast, and so well known in its essen- 
tial conclusions, that it does not appear pertinent to present here a 
review of it. 

Early in 1927 we decided to make a careful study of all adult “nega- 
tive” patients under our care. 

Up to this time the usual bacterioscopic examinations of sputum had 
been made, including concentration methods on all sputa which, on the 
admission of the patient, had been negative on at least two occasions. In 
addition to this, sputum from each patient was examined once every six 
weeks. In these routine examinations, every sputum in which tubercle 
bacilli could not be demonstrated was examined again after concentration. 
“Negative” patients were, then, all those in whose sputum tubercle 
bacilli had never been found up to March, 1927, while at the sanatorium, 
and all new admissions during a period of one year, in whom the initial 
three examinations had not demonstrated tubercle bacilli. 


1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 
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Table 1 presents a brief summary of these patients. 


TABLE 1 


1. Nontuberculous pulmonary lesions 
Bronchiectasis 
Empyema with bronchial fistula 
Bronchial asthma 


Diffuse, nonspecific pulmonary fibrosis 
2. No pulmonary lesions 

Extrapulmonary tuberculosis 

No tuberculous lesions 
3. Pulmonary tuberculosis 


Special attention was then given to the 68 patients who were diagnosed 
as having pulmonary tuberculosis and whose sputum had not shown any 
tubercle bacilli. Their sputa were repeatedly examined in direct smears, 
after concentration with sodium hydroxide according to Petroff, and 
with acid according to Loewenstein and Sumiyoshi. Frequently, one, 
two or three days’ specimens were used. Of all the sputa remaining 
negative cultures were made, using a variety of methods and media, and 
guinea pigs were infected with at least one of each of these sputum 
samples. The technique of these procedures will be the subject of a 
later communication, because this part of the work is still in the experi- 
mental stage. At the present moment we are not in a position to decide 
for our own work which of the various methods deserves preference. 
Suffice it to say, that bacterioscopic, cultural and infection procedures 
were used, and that some of the sputa were examined many dozens of 
times until a final conclusion was reached. Sputa were considered to 
contain tubercle bacilli when typical acid-fast rods could be demonstrated 
microscopically on more than one occasion, or when a culture could be 
obtained from it, or when a guinea pig developed tuberculous lesions 
following the subcutaneous inoculation of a digested specimen. In the 
latter event it was always ascertained that the topography of the lesions 
warranted the exclusion of a spontaneous infection. During the last 20 
months in this laboratory only one guinea pig was found to have a 
spontaneous tuberculous infection; this animal did not belong in the series 
reported here. After this occurrence our entire stock was tested with 
old tuberculin, but no animal showed any reaction. The sputum of all 
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patients designated as “negative” has been inoculated in a guinea pig 
on at least one occasion. 


TABLE 2 
Tubercle bacillt demonstrated 


1: In direct smears 

2: After concentration, but not in direct smears 
3: By culture, but not microscopically (1 and 2) 
4: By inoculation only 


By means of the above-mentioned methods, tubercle bacilli were 
demonstrated in the sputa of 32 patients out of the group of 68 tubercu- 
lous ‘‘negatives.”” Table 2 shows the relative efficiency of the various 
procedures. 

This left a group of 36 patients with pulmonary tuberculosis and 
negative sputum. The clinical diagnoses on these patients, using the 
terminology of “Diagnostic Standards” of the National Tuberculosis 
Association, are as follows: 


Apparently cured 
Apparently arrested 
Quiescent 


In other words, in only five patients with frankly active pulmonary 
tuberculosis tubercle bacilli could not be demonstrated. During the 
period of observation a total of 585 patients passed through this sana- 
torium; 507 of these had active pulmonary tuberculosis, and only 5, or 
0.98 per cent, had consistently negative sputum when it was subjected 
to the above tests. On the other hand, tubercle bacilli were found in 
two patients, designated as “‘apparently arrested.” 


COMMENT 


The group of “negative” patients under discussion here is probably 
representative of similar groups in public tuberculosis sanatoria. All our 
patients are admitted to the sanatorium through the clinics of the Board 
of Health. The percentage distribution of diagnoses on 288 admissions 
during the year 1927 was as follows: Minimal pulmonary tuberculosis 
6.9 per cent, moderately advanced 13.8 per cent, far advanced 62.1 per 
cent, extrapulmonary tuberculosis 7.29 per cent, not tuberculosis 9 per 
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cent. Accordingly, they all at some time or other have been suspected 
of suffering from tuberculosis. Almost all patients with pulmonary 
lesions have been sent here with the definite or presumptive diagnosis of 
pulmonary tuberculosis. Of 532 patients with some pulmonary patho- 
logical changes, 14, or 2.6 per cent, were not tuberculous. If this is to be 
considered the percentage of “erroneous diagnosis,”’ it is very low indeed. 
In the group of extrapulmonary lesions, the percentage of nontuberculous 
diseases is much higher. 

The chief significance of these studies is an appraisal of the bacterio- 
logical diagnosis in patients with active pulmonary tuberculosis. The 
fact that the failure to demonstrate tubercle bacilli occurred in less than 
one per cent of the patients would seem to indicate that the reliability 
of the bacteriological diagnosis of active pulmonary tuberculosis is equal 
to any diagnostic laboratory procedure and second tonone. The finding 
of tubercle bacilli has always been welcomed by the clinician as a desirable 
confirmation of his diagnosis,—in some cases as the solution of a diag- 
nostic puzzle. In face of the figures presented here it would appear that 
the failure to find bacilli, usually lightly dismissed in the face of contrary 
clinical evidence, must be considered seriously in formulating a diagnosis, 
especially if the three chief methods of search have proved negative. To 
exemplify: If a patient has a demonstrable pulmonary lesion, if his 
symptoms and signs are of such a nature to warrant the conclusion that 
his lesion is active, that his symptoms are referable to this lesion, and if 
no tubercle bacilli are demonstrable in his sputum, in such a case the 
diagnosis of tuberculosis should be made only after excluding all other 
possible etiological factors of pulmonary pathology. It must be empha- 
sized, much more than was done as a rule hitherto, that a ‘‘negative” 
sputum has a definite diagnostic significance, although it is, of course, 
always of a smaller degree than that of a positive finding. 

It has been pointed out frequently that the prognosis of “open” cases 
is considerably poorer than that of “closed” cases. The justification of 
this dichotomous division has often been doubted. It appears evident 
from our figures that, roughly speaking, the ‘‘open’”’ case has almost 
invariably a frankly active lesion, while the ‘“‘closed”’ case has with very 
few exceptions a lesion which is either healed or shows definite tendency 
to healing (apparently arrested, quiescent). The percentage of error in 
this respect is in our series less than one per cent in either case. ‘‘Open” 
and “closed”? have a real meaning which is rather obscured by the 
terminology. If these terms were dropped and replaced by a description 
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of the pathological processes, emphasizing the dynamics of the lesions in 
terms of healing or progression, the true significance of the data would 
become more evident. 

All authors are well agreed upon the fact that tubercle bacilli may be 
found in ‘‘arrested,” and ‘‘apparently arrested,’’ lesions; this occurrence 
is, however, rather rare. The question remains whether sputum from 
patients without tuberculous pulmonary lesions may contain tubercle 
bacilli. Three cases, not included in this series, may illustrate the occur- 
rence. A patient with a tuberculous empyema with multiple chest-wall 
sinuses came to autopsy. Careful search revealed, as the only pulmonary 
lesion, a well-fibrosed and encapsulated primary focus. The correspond- 
ing tracheobronchial lymph node was calcified; it was adherent by its 
capsule to the trachea in the level of the bifurcation. Here, the trachea 
showed the scar of a perforation from the affected lymph node into the 
trachea. At some time the then caseated lymph node must have per- 
forated into the trachea and bacilli must have been discharged, presum- 
ably in the absence of a pulmonary lesion except for the primary focus. 
This possibility is recognized in Diagnostic Standards. Another patient, 
under observation at the present time, has an extensive tuberculous 
tracheobronchial adenitis, caries of a rib and discharging sinuses in the 
upper half of the chest-wall. Hehasno pulmonary lesion. Lipiodol was 
injected into one of the sinuses; a radiograph, taken immediately follow- 
ing the injection of the oil, showed that the latter had filled the medias- 
tinal abscess and part of the bronchial tree. There exists, then, an open 
communication between his mediastinal lesion and the bronchial tree. 
Tubercle bacilli may be discharged through the trachea (although never 
demonstrated, since the patient does not expectorate) in the absence of a 
pulmonary lesion. In a third patient tubercle bacilli were demonstrated 
in the scanty sputum, although neither physical nor roentgenological 
examination demonstrated a parenchymal lesion. The hypertrophic 
tonsils which were removed showed, on histological examination, multiple 
tuberculous abscesses. These examples emphasize the fact that tubercle 
bacilli in the sputum do not always indicate the presence of pulmonary 
tuberculosis. 

It is of interest to analyze the type of lesions with negative sputum. 
There are 31 patients belonging to the groups “apparently cured,” 
“apparently arrested,” and “quiescent.” Out of these 31 patients, 13 
have strictly apical lesions of the productive type. Roentgenologically 
they are well defined, hard, nodular shadows. An additional 10 patients 
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show the identical type of lesion, but either unilaterally or bilaterally 
extending below the clavicle. With the exception of one patient, who has 
an irregularly shaped cavity, measuring about 2 cm. in diameter, in the 
apical field, these 23 patients have no demonstrable cavities. The 
remaining 8 patients show definitely fibrotic lesions, whose densest 
centre (and whose origin presumably) was not in the apical field, but 
either in the infraclavicular region or in the basal parts. Recent work, 
elaborating the studies made by Assmann, and by Neisser and Braunig, 
lead to the conclusion that the majority of progressive pulmonary lesions 
do not begin in the apical fields but in the infraclavicular region, that the 
earliest process is not a productive slowly progressing tubercle, but an 
acute pneumonic infiltration which may either be absorbed, rapidly 
caseate and excavate or may become transformed into a fibrosing 
process. In view of these concepts, it is significant that 23 out of 31 
patients with prognostically definitely benign processes are of the apical 
type. 

Since the pioneer work of Grancher, Gerhard, and Turban, in the 
early diagnosis of pulmonary tuberculosis, it has become a cherished 
tradition in textbook writing to emphasize that in the incipient stage of 
the disease tubercle bacilli can frequently (some say usually) not be 
demonstrated. The belief is more or less definitely expressed that 
the presence of tubercle bacilli indicates that incipiency has passed, 
that destructive processes have begun. Histologically seen, this is 
probably true. But it is equally true that bacilli will be found 
with great regularity before clinical signs or symptoms of parenchymal 
destruction occur. The extent of the lesion is not the determining 
factor, but the type of the process. Of the five patients in our series 
with active pulmonary lesions and negative sputum three are far ad- 
vanced and two are moderately advanced; all have a “B” sympto- 
matology. Their processes are of the fibrotic or cirrhotic type. It is 
evident that only the pathologico-anatomical character of a lesion deter- 
mines the presence or absence of tubercle bacilli and not itsextent. In 
summary it must be emphasized that bacilli were found in practically 
all patients with active pulmonary tuberculosis unless unmistakable 
evidence of progressive healing was present. This was true even of at 
least 4 out of out 5 negatives. The prognostic significance of negative 
sputum should not be underrated. 

We have expressed our belief that our material presented here is repre- 
sentative of the material in similar institutions. And we believe that 
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our findings can easily be duplicated in other sanatoria. Equivalent 
results require the utmost patience and perseverance in making sputum 
examinations. It is probably less the selection of special laboratory 
procedures than the amount of care devoted to this type of work which 
yields results. Many small institutions are not equipped to digest and 
concentrate and culture sputum specimens, or to inoculate guinea pigs, 
although it would seem practically and economically worth while for all 
of them to instal these facilities. But no equipment except a microscope 
is required to make thorough examinations of direct smears. If we 
count as positive only such patients in whose sputum bacilli were detected 
in direct smears, the percentage of “negatives” in active pulmonary 
tuberculosis would be about 3.5, still a most encouragingly small per- 
centage of failures. There is no laboratory procedure as an aid in 
the diagnosis of pulmonary tuberculosis available to-day which even 
approaches the practical efficiency of bacterioscopic diagnosis. Most 
other methods, whose popularity fluctuates as fashions do, are less simple 
in technique and, positive or negative, carry less force of conviction. 


SUMMARY 


1. In a study of more than 500 adult patients with active pulmonary 
tuberculosis tubercle bacilli were found in the sputum in over 99 per cent. 

2. The absence of tubercle bacilli in the sputum of patients with 
pulmonary tuberculosis almost always indicates healing. 

3. “Negative sputum” has a much greater diagnostic and prognostic 
significance than represented by the usual textbook teaching. 

4, Every sanatorium could well invest in facilities for the complete 
examination of sputa from all patients. 


IMMUNOLOGICAL STUDIES ON VARIOUS FRACTIONS 
OF TUBERCLE BACILLI: 


MAX PINNER? 


In the course of a codperative research plan under the auspices of the 
National Tuberculosis Association a number of fractions have been 
isolated from tubercle bacilli. The growing of these microérganisms 
under standardized conditions and the plan according to which the ma- 
terial is worked up have been explained elsewhere (1). The chemical 
procedures leading to the isolation of well-characterized fractions and the 
chemical properties of the latter have been reported by Johnson, Coghill, 
Brown, and Anderson (2). 

As part of the further studies of the isolated fractions, their behavior as 
antigens i” vivo and in vitro was investigated. ‘This work is the object 
of the present report. This was done according to standardized 
techniques. 


METHODS 


The serological activity of the various products was tested against the serum 
of a tuberculous sheep. This animal was inoculated intravenously, at 7-day 
intervals, first with 10 mgm. of heat-killed human tubercle bacilli (5 and 10 
mgm. respectively) and finally with 20 mgm. of live bovine bacilli of low vir- 
ulence. Thereafter blood was withdrawn at weekly intervals and tested for its 
antibody-content in complement fixation with a suspension of human tubercle 
bacilli and with a methyl-alcohol extract of tubercle bacilli. When 0.05 cc. 
of the serum contained sufficient antibody to bind (in the presence of one- 
third of an anticomplementary unit of the bacillary antigen) 100 units of 
complement, a large amount of blood was withdrawn, and the serum sepa- 
rated and kept in the refrigerator in small sealed ampoules. All titrations 
reported herein were done with this serum whose titre did not change appre- 
ciably within one year. The sheep died about four weeks after the with- 
drawal of the blood; autopsy showed generalized miliary tuberculosis and 
tuberculous bronchopneumonic foci scattered throughout both lungs. 


1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Sanatorium), Northville, 
Michigan. 
3 Aided by a grant from the National Tuberculosis Association. 
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Technique of titrations: A definite amount of the bacillary product to be 
tested was brought into solution or suspension, as the case may be, in physi- 
ological salt solution or water, according to the directions furnished by Dr. 
T. B. Johnson. Decreasing amounts were pipetted into two series of test- 
tubes. To one series 0.5 cc. of a one to ten dilution of the inactivated sheep 
serum and to the other series an equal amount of salt solution were added; 


ANTIBODY-PRODUC- 
ING PROPERTIES. 
SERUM OF 
RABBITS AFTER IN- 
JECTION OF 5 MGM. 


COMPLEMENT FIXATION 


REVERSED 
ANAPHYLAXIS 


plementary 
genic quotient 
mplement 
y ice 
gous antigen 
recipitation with 


TION WITH TUBERCULOSIS 
presence of 
antigen 


unit in mgm. 
SERUM 
units bound 
homolo; 
Highest dilution giving 


Number of co 
in the 


HIGHEST DILUTION GIVING PRECIPITA- 


PROTOCOL NUMBER 


Anticom 
A | Anti 


© | Antigenic unit in mgm. 


Protein, N = Death under 
14.38% (1) typical symp- 

toms within 10 

minutes 


=) 
V 
> 


Protein, N = : >0.25 

14.99% (2) 
Protein, N = : 0.025 

14.61% (3) 
Protein (4) é >0.5 
Protein (5) . >0.5 
Phosphatid (6) ; 0.0025 : : No symptoms 
Phosphatid (6) 0.05 
Acetone soluble | 0. >0.05 No symptoms 

fat (6) 


(1) T. B. Johnson, Amer. Rev. Tuberc., 1926, xiv, 164. (Table) 

(2) 304 belongs in square S. 

(3) 311 same after alkali treatment. 

(4) 308 belongs in square O. 

(5) 451 same, but filtered through paper before precipitating protein. 
611 same as 308, but further purified. 

(6) R. J. Anderson, J. Biol. Chem., 1927, \xxiv, 525. 


each tube received, in the volume of 0.5 cc., 2 full units of complement. The 
final volume in each tube was made up to 1.5 cc. The usual controls were 
used with each set of titrations. The primary incubation was in a water-bath 
at 37° for three-quarters of an hour. Then the haemolytic system was added, 
consisting of 2 haemolytic units of sheep-rabbit haemolysin in 0.5 cc. of a 5 per 
cent suspension of sheep erythrocytes, ‘The second incubation was for one- 
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half hour. The largest amount of antigen which did not inhibit haemolysis 
(without the addition of antiserum) is termed anticomplementary unit; the 
smallest amount of antigen binding 2 units of complement completely in the 
presence of antiserum is termed antigenic unit; the antigenic quotient, ex- 
pressing the magnitude of the specific range of antigen, is obtained by dividing 
the anticomplementary unit by the antigenic unit. 

Precipitation tests were performed by the layer method in tubes of an inter- 
nal diameter of 2.5mm. Two sets of tubes were used, one containing a fixed 
concentration of antiserum and decreasing concentrations of antigen, and one 
containing decreasing concentrations of antiserum and a fixed concentration of 
antigen. The tubes were kept in the incubator for two hours and at room tem- 
perature for 22 hours; readings were taken after one, two and 24 hours. 


Immunization: To test the antibody-producing properties of the fractions, 
rabbits were inoculated intravenously with 1, 2 and 2 mgm. per kilo body- 
weight at intervals of four days. Seven days after the last inoculation, blood 
was withdrawn from the lateral ear-vein, and the serum was tested for com- 
plement-fixing and precipitating antibodies in the manner described above. 

With some representative fractions anaphylactic experiments were per- 
formed. Active and passive anaphylaxis in guinea pigs could not be elicited 
by the usual methods and intravenous injection for the administration. Re- 
versed anaphylaxis, however, proved successful in some instances. For this 
purpose, rabbits were immunized with three intravenous injections, receiving 
a total of 50 mgm. per kilo body weight; they were bled 7 days after the last 
injection. Small rabbits, weighing about 500 gm., received one intravenous 
injection of 25 mgm. of antigen, and about 18 hrs. later 5 cc. of the above 
homologous immune serum intravenously. 


RESULTS 


The results of this work can easily be summarized in tabular form. 
The various preparations are referred to by their protocol number; 
a brief statement as to their chemical nature according to the authors 
quoted above, is added. | 


COMMENT 


The results summarized in the table add nothing materially new to 
the knowledge of the antigenic structure of the tubercle bacillus, but 
they give a much needed confirmation of the information hitherto avail- 
able, because these results were obtained with preparations whose 
chemistry is much more definitely known than the one of the more or less 
empirical fractions used in earlier work. It may be mentioned that all 
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these fractions were titrated not only with the sheep serum referred to 
above, but with pooled serum, giving positive complement-fixation tests, 
from patients with active tuberculous lesions, as well. The results were 
substantially the same. It is then evident that tuberculoproteins do 
not bind complement with tuberculosis serum, a result which is in full 
accord with the summary given by the writer, which was based on re- 
ports in the literature and his own work (3). Fraction no. 311 appears to 
make an exception to the rule just stated. This fraction, however, as 
was already mentioned by Coghill, is less pure than the similar protein 
no. 304. Furthermore, it was found that alcohol extraction removed 
all serologically active material from no. 311. 

One of the phosphatid fractions contains a serologically very active 
principle, which is probably identical with the one in alcoholic extracts. 

The only fat fraction which was examined so far was serologically 
inert. 

Both the protein and the phosphatid fractions produce complement- 
fixing antibodies in normal rabbits; these antibodies are strictly specific 
within their groups. Protein antisera never react with the phosphatid 
fractions, and phosphatid antisera never react with proteins. The mode 
of preparation of fraction A3 (Anderson) and its chemical analysis, yield- 
ing only 0.41 per cent nitrogen, make it highly probable that this frac- 
tion does not contain any protein. That it isa true antigen cannot be 
doubted. This fact constitutes a more convincing proof than any former 
evidence of the assumption that nonprotein substances can be complete 
antigens. 

The results of these studies gain particular interest in correlation with 
other work done with the same materials. Thanks to the work of 
Seibert and Long (4) it is now definitely established that tuberculin 
action is dependent on tuberculoprotein. Sabin and Doan (5) showed 
that the injection of tuberculoproteins stimulates the production of 
clasmatocytes, the cells which, according to these authors, fragment 
tubercle bacilli, while the injection of phosphatids stimulates the pro- 
duction of epithelioid and giant cells. Proteins exerted a definite toxic 
action in these experiments; phosphatids did not. 

Two further groups of chemical constituents need further studies, 
that is, fats and carbohydrates. As far as proteins and phosphatids 
are concerned, the following schema represents in brief summary our 
present knowledge: 


IMMUNOLOGICAL STUDIES 


Proteins Phosphatids 
Tuberculin action No tuberculin action 
Toxic action No toxic action 


Stimulating clasmatocytes Stimulating epithelioid cells 
Serologically inert with natural tuberculosis Serologically active with natural tuber- 
serum culosis serum 


True antigens True antigens 
Anaphylactogenic Not anaphylactogenic 


SUMMARY 


1. Various protein, phosphatid, and fat fractions have been investi- 
gated as to their immunological behavior. 

2. The results with these chemically well-defined fractions confirm 
essentially previous similar work done with less pure materials. 

3. Probably the most important result is the fact that a phosphatid 
fraction was found to be a true antigen. 
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A NOTE ON THE CARBOHYDRATE CONTENT OF THE 
ALCOHOL-SOLUBLE ANTIGEN OF TUBERCLE BACILLI! 


KATHRYN KNOWLTON anp MAX PINNER 


In previous communications (1) it was shown that alcohol extracts of 
tubercle bacilli contain an antigenic principle, very active in vivo and 
vitro, which in its antibody-producing and antibody-binding quality is 
different from tuberculoproteins. Its serological independence of 
proteins endowed with high tuberculin activity is clearly shown by the 
fact that it binds complement with a large percentage of sera of tubercu- 
lous patients, whereas tuberculoproteins do so only in few exceptional 
instances. Zinsser and Mueller’s (2) studies on the specific carbohy- 
drates of tubercle bacilli suggest the possibility that the serologically 
active group in the alcohol-soluble antigen may be identical with these 
carbohydrates. Serological evidence, as reported in a previous paper, 
would argue against this possibility. It remained to be determined by 
chemical means whether the purified alcohol-soluble antigen contains the 
same carbohydrates as does the residue antigen. 

The alcohol-soluble antigen was prepared in essentially the same 
manner as previously described. The finished product did not differ in 
any way from previous antigens prepared from other batches of tubercle 
bacilli. Whole tubercle bacilli dried to constant weight, the crude 
methyl-alcohol extract, the purified antigen, and the extracted bacilli 
were subjected to acid hydrolysis, and the reducing sugars in the hydroly- 
sate determined by Folin’s blood-sugar method, and calculated as glucose. 
The amount of pentoses was estimated according to McCance’s 


method (3). 
The material was hydrolyzed by boiling for 30 minutes in 100 times 


its weight of in sulphuric acid. In addition to this, the whole bacilli and 


the extracted bacilli were subjected to hydrolysis for three hours. The 
values for reducing substances remained practically the same between 
one-half and one hour, but between the first and third hours the amount 


1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Sanatorium), Northville, 
Michigan. 
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of reducing substances increased rapidly about 100 per cent, which is 
undoubtedly due, at least in part, to the hydrolysis of protein substances 
rather than to the hydrolysis of complex carbohydrates. 

In tablé 1 the concentrations of reducing substances, calculated as 
glucose, and the concentrations of pentoses are compared with the anti- 


genic units of the various preparations. 


TABLE 1 


PERCENTAGE OF | PERCENTAGE OF ANTIGENIC UNIT 


MATERIAL GLUCOSE IN PENTOSE IN 
TOTAL | ToTALsoLips | MILLIGRAMS 


Whole tubercle bacilli 6.9 9.6 0.025 
(13.6 after 3 


hours) 
Crude methyl-alcohol extract 2.26 0.0013 
Purified alcohol-soluble antigen 4.1 0.00018 


Extracted bacilli 8.4 0.05 
(18 after 3 


hours) 


Since no attempts have been made to isolate the materials reducing the 
copper solution, nor the ones giving the pentose test, the figures recorded 
in the table have no absolute value. They are, however, indicative of the 
relative amounts of carbohydrates present in the various products. It 
is, then, clearly shown that the antigenic activity of the various fractions 
bears no relation to their carbohydrate content, that the former increases 
with a decrease of the latter. One antigenic unit of the purified antigen 
contains only about one-thousandth of the amount of carbohydrates 
contained in one antigenic unit of whole bacilli, while the antigenic 
strength of the two preparations, as expressed by their antigenic units, 
is about as 1 to 150. This inverse relation could not be expected if the 
carbohydrates were reponsible for the serological activity of the alcohol- 
soluble antigen. The amount of pentose in the purified antigen is 
approximately the same as the calculated amount of glucose, while 
Mueller (4) found that in the residue antigen about 50 per cent of the 
carbohydrates yielded furfurol. The hydrolysate of the purified antigen 
_ gave negative Benedict, Seliwanoff and osazone tests. The concentra- 
tion of reducing substance in this hydrolysate was too low to be demon- 
strable by fermentation with yeast, even though it were entirely a 
fermentable sugar. This was demonstrated by the attempt to ferment 
the calculated concentration of pure glucose; no gas-formation ensued. 
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The observation that the antigenic strength of the alcohol-soluble 
antigen is apparently independent of both proteins and the specific 
carbohydrates leaves but little doubt that it is of lipoid nature. 
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THE CHEMICAL STUDY OF BACTERIA!.? 


XXIII. COMPARATIVE YIELDS OF WATER-SOLUBLE PROTEIN - 
AND CARBOHYDRATE FROM TUBERCLE BACILLI 
FROM VARIOUS SOURCES’* 


TREAT B, JOHNSON anp ALICE G. RENFREW! 


In a previous paper (1) the senior author incorporated a chart or coérdi- 
nated scheme of analysis for the separation and study of specific fractions 
of tubercle bacilli. The methods outlined in that publication have since 
been used consistently in our analytical procedures, and the study now 
reported in this publication deals with units G, R, S and T of the chart 
referred to. It is proposed to publish a similar chart outlining a scheme 
of analytical procedure for the study of the ether-alcohol soluble portion 
of the cells, or lipoid fraction, just as soon as the interesting researches 
now being carried on in this laboratory by Dr. Anderson have been 
completed. 

In our present study we have employed four modifications of defatted 
bacilli as sources of the acetic-acid-precipitable protein described by 
Coghill (2). They are (1) the residue of unautoclaved tubercle bacilli 
defatted with anhydrous ether only, (2) unautoclaved tubercle bacilli 
prepared for water extraction according to the method of defatting 


1 Contribution from the Department of Chemistry, Yale University, New Haven, 
Connecticut. 

* The following papers have been published in this series since our last report (Amer. 
Rev. Tuberc., 1926, xiv, 164): R. D. Coghill, Albumin-Globulin Fraction of the Tubercle 
Bacillus, Jour. Biol. Chem., 1926, lax, 439; R. D. Coghill, Alkali Soluble Protein of the Tu- 
bercle Bacillus, Jour. Biol. Chem., 1926, lxx, 449; T. B. Johnson, Chemistry of Bacteria, 
Columbia University Press, 1927; T. B. Johnson and R. D. Coghill, Chemical Analysis of 
Tubercle Bacilli, Amer. Rev. Tuberc., 1927, xv, 494; T. B. Johnson, Some New Developments 
in Our Chemical Investigation of Tubercle Bacilli, Tr. Nat. Tuberc. Assoc., 1927; R. J. Ander- 
son, A Study of the Lipoids of Tubercle Bacilli, Tr. Nat. Tuberc. Assoc., 1927; R. J. Anderson, 
Separation of Lipoid Fractions from Tubercle Bacilli, J. Biol. Chem., 1927, laxiv, 525; R. J. 
Anderson, A. Study of the Phosphate Fraction of Tubercle Bacilli, J. Biol. Chem., 1927, 
lxxiv, 537; T. B. Johnson and A. G. Renfrew, Chemical Study of Bacteria. XXII. Some 
Chemical Changes Accompanying the Growth of Tubercle Bacilli on Long’s Synthetic 
Media, Amer. Rev. Tuberc., 1928, xvit, 508, 

3 See Tr. Nat. Tuberc. Assoc., 1927, 234. 

‘ National Tuberculosis Association Research Fellow, 1927-1928. 


505 


a4 
aa 
. 
| 
( 
is 
= 4 


506 TREAT B. JOHNSON AND ALICE G. RENFREW 


employed and described in a paper by Anderson (3), (3) autoclaved tu- 
bercle bacilli defatted according to Anderson’s procedure, and (4) an 
unautoclaved unit of cells which had been extracted with ether only, but 
which had been heated at 100° during the drying process. All four 
fractions studied were human bacilli (strain H37) and were grown for 
our investigation in the laboratories of the H. K. Mulford Company, 
Glenolden, Pa., and Parke, Davis & Co., Detroit, Michigan, respectively.’ 

A summary of the analytical data to be discussed in the descriptive 
portion of this paper is recorded in table 1. 


TABLE 1 
Aqueous extraction of tubercle bacilli (strain H37) 


PERCENTAGE | PERCENTAGE 
PROTEIN CARBOHY- 


BACILLI METHOD OF DEFATTING 
(304) DRATE 


PERCENTAGE OF 
FAT EXTRACTED 


Unautoclaved and grown by | Anhydrous ether 3 2.29 
Parke, Davis & Co. 

Unautoclaved and grown by | Alcohol, ether and 4 | 0.43-0.56! 0.98-1.30 
H. K. Mulford Co. chloroform 1.8 -2.63 

Autoclaved and grown by H. | Alcohol, ether and : 0.19 0.40 
K. Mulford Co. chloroform 

Unautoclaved and grown by | Anhydrous ether ; 0.2 0.65 
Parke, Davis& Co. (dried 
at 100°.) 


THE WATER-SOLUBLE PROTEIN NO. 304 


Unit 1: In this experiment we employed 279 gm. unautoclaved 
bacilli. The bacilli were ground to a fine powder in a porcelain ball-mill, 
dried to constant weight in a vacuum desiccator, and then subjected to 
four successive extractions with ether which had been dried over sodium. 
This operation involved simple maceration for four successive weeks; 
after repeated shaking during the first day of each extraction the sus- 
pension was then allowed to stand till, at the end of a week, the solid 
bacillary residue had practically settled out. The ether layer was 
siphoned off. Thirty-one and eight-tenths grams (31.8) of fat were 
recovered from 4,200 cc. of ether, representing 11.4 per cent of the 


5 We desire to express here our appreciation of the assistance being given by these two 
companies in promoting our chemical research on bacteria. 
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weight of bacilli used. The ether-insoluble residue was then transferred 
to a large bottle and two extractions applied with 1,200 and 1,500 cc. 
of cold water respectively; toluene was added, to preserve sterility. In 
these extraction-operations the procedure was to agitate mechanically 
in a shaking machine for 10 hours, and then allow to stand overnight. 
Only the heavy and coarse portion of the suspension settled out. The 
problem of quickly and efficiently obtaining a clear fluid-extract repre- 
sents one of the great difficulties in the extraction of protein from the 
cells. In the present case this was accomplished by first passing the 
fluid suspension through a Sharples centrifuge, and then filtering the 
still milky fluid repeatedly through specially prepared paper pulp. The 
final solution was perfectly clear but colored slightly yellow. After 
filtering through a Berkefeld filter the soluble protein no. 304 was 
precipitated by the addition of acetic acid at the point of maximum 
flocculation. The pH of the supernatant liquid was approximately 4.2. 
This factor was very difficult to determine colorimetrically, since it comes 
at the extreme end of the range of the indicator, bromcresol-green, and 
the protein solution appears to destroy the color of bromphenol-blue. 
The protein was collected by centrifugation, and washed with a small 


quantity of distilled water, with alcohol and finally with ether. The 
protein was obtained as a colorless powder .and weighed 6.360 gm. 
The result of a biological study of this protein has been reported in a 
paper by Sabin and Doan (4). 


Unit 2: This was a quantity of unautoclaved bacilli which had been 
defatted according to Anderson’s method. The water-extraction 
operation was carried out repeatedly with 100-gm. lots. In four suc- 
cessive experiments the yields of protein no. 304 ranged from 0.43 to 
0.56 per cent. The aqueous solutions were clarified by filtration through 
paper pulp or by centrifugation in a Sharples supercentrifuge, and 
finally all four fractions were filtered through a Berkefeld candle before 
the precipitation of protein no. 304. At first, extraction was carried’ 
out with mechanical agitation as applied in the case of unit 1. In the 
last fractions of 100 gm. the pulverized bacilli were macerated with 
250-400 cc. of distilled water or a 1 per cent solution of sodium chloride 
by agitating in a ball-mill. This method of operating, although some- 
what more efficient in extracting, actually rendered the technique more 


Toc. cit. 
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difficult. When the ball-mill was opened after two hours’ agitation, a 
uniform emulsion or stiff paste had formed, and no way was devised for 
handling this except by diluting to about 1,500 cc. with water and 
repeatedly running the suspension through a Sharples supercentrifuge. 
The protein was precipitated by acidifying with acetic acid till maximum 
flocculation occurred. 


Unit 3: In this experiment 250 gm. of autoclaved bacilli were used. 
The bacilli were extracted for seven weeks with 1,600 cc. of a mixture, 
equal parts of 95 per cent alcohol and ether, followed by two successive 
extractions with 800 cc. of chloroform respectively. The weight of the 
insoluble residue was 151 gm., corresponding to 60 per cent of the original 
weight of bacilli taken. The recovery reported by Anderson’ from 
unautoclaved cells was 74 per cent. | 

The dried residue of bacilli was then ground in a ball-mill with 400 cc. 
of water for several hours. The extract was diluted to a volume of 
2,500 cc. Clarification was accomplished by successive use of a super- 
centrifuge and filtration through paper pulp. After final filtration 
through a Berkefeld candle a light yellow liquid was finally obtained 
having a pH of 6.6. The quantity of protein no. 304 precipitated 
from this solution was 0.4723 gm., corresponding to only 0.19 per cent 
of the dry bacilli used. 


Unit 4: This was an unautoclaved batch of cells, but one which had 
been heated to 100° during the drying process, thereby yielding a very 
discolored, hard, brittle product caked together in lumps. The sample 
had been kept in storage for about fifteen months before being used for 
this experiment. The appearance of the cells also indicated that they 
had not been washed properly after filtration from their culture medium 
and perhaps had been incubated for a longer period than customary. 

Three hundred and ten grams of the bacilli were given four successive 
extractions with anhydrous ether. After maceration for four weeks the 
total volume of ether extract (4,200 cc.) yielded, after removal of the 
ether, a waxy residue of 99 gm., corresponding to 32 per cent of the 
weight of the bacilli used. The bacterial residue, insoluble in ether, 
was then extracted as usual with cold water and the usual filtration 
procedure applied, but final success was not accomplished until after 


Loc. cit. 
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filtration through paper pulp and a Berkefeld candle. The final filtered 
solution was dark brown in color in this case, and faintly acid in reaction 
(pH 6.8). Avery unfavorable result was obtained when we precipitated 
the protein from this solution, as there was only a 0.2 per cent yield. 
Apparently the original heating had rendered the water-soluble fraction 
insoluble by coagulation. 

The results obtained in these four protein-extraction experiments 
may be summarized as follows: (1) Autoclaving of the cells or heating 
at 100° before or after defatting lowers the yield of water-soluble protein. 
This is probably accounted for by coagulation of this protein fraction 
by heating. (2) The best yields of protein no. 304 are obtained from 
cells that have been defatted with ether alone. (3) When the auto- 
claved or unautoclaved cells are first defatted with alcohol-ether and 
chloroform according to Anderson’s procedure the water-soluble protein 
is apparently mostly denaturized and thus rendered insoluble in water. 
In both experiments in which this method of defatting was applied we 
obtained a very low yield of the protein no. 304. 


A CARBOHYDRATE FRACTION OF TUBERGLE BACILLI® 


Carbohydrates have been isolated from the weakly alkaline extract 
of tubercle bacilli (5) and from the media on which this microérganism 
has been grown (6). Anderson has also recently isolated a polysac- 
charide from the alcohol-ether extract of moist tubercle bacilli. We 
have observed many times in the course of our researches on tubercle 
bacilli that the aqueous extract of either autoclaved or unautoclaved 
bacilli after defatting gave direct reduction with Fehling’s solution and 
a greatly increased reduction after acid hydrolysis. Up to the present 
time we have been unable, however, to follow up this phase of our 
research problem on account of lack of material. An opportunity is 
now being offered to accumulate a sufficient quantity of this fraction 
to enable us to make a study of its composition and constitution. The 
separation of this carbohydrate fraction from tubercle bacilli has now 
been accomplished in three units of bacteria described in this paper 
and the percentages obtained are recorded in table 1. 

In separating protein no. 304 and carbohydrate from the same unit 
of defatted cells our general procedure has been as follows: The acetic- 


8 See Tr. Nat. Tuberc. Assoc., 1927, 236. 
Loc. cit. 
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acid filtrate from the protein precipitation (no. 304) was first concen- 
tracted under reduced pressure to a small volume at a temperature of 
40°. This gave a light yellow solution which contained considerable 
concentration of reducing substances, and this property was enhanced 
by hydrolysis with acids. The acetic-acid concentrate was then treated 
with lead acetate to remove any protein, and finally with basic lead ace- 
tate in ammoniacal solution to precipitate carbohydrate. This basic- 
lead precipitate was then decomposed with hydrogen sulphide and the 
solution concentrated by distillation in a vacuum. In this manner we 
obtained a thick syrup, which was finally poured into a large volume of 
absolute or 95 per cent alcohol, when the carbohydrate separated in a 
colorless and powdered form. After washing with alcohol it was dried 
to constant weight in a vacuum desiccator. 

In applying the above procedure for both protein and carbohydrate 
extraction we found it advisable to thoroughly macerate the cells with 
water in a ball-mill for several hours. ‘This technique made possible a 
more complete extraction and consequently a better yield of the two 
fractions. The best yield of carbohydrate was obtained in experiments 
in which we omitted the protein separation and worked our extract for 
carbohydrate alone. 

A description of a single extraction experiment will reveal the tech- 
nique for applying successfully this latter method of separation: Two 
hundred grams of defatted bacilli (A 10)!° were macerated for 10 hours 
in a ball-mill with 500 cc. of water and 5 cc. of toluene. The material 
was then preserved in an ice-chest over night, and the following morning 
the thick paste was combined with 135 cc. of a 20 per cent solution of 
lead acetate, which immediately broke up the emulsion and permitted 
removal of the pebbles. One hundred and fifty cubic centimetres of 
water was then added and filtration applied by suction. After 650 cc. 
of filtrate had been collected the pasty residue was triturated with an 
additional 200 cc. of water and the whole finally filtered through paper 
pulp. In this manner we obtained a clear yellow liquid having a volume 
of about 1,200 cc. This was then concentrated in vacuo to a volume of 
100 cc. and the solution combined with 50 cc. of basic-lead-acetate 
solution and 10 cc. of concentrated ammonia, when a dense precipitate 
was obtained. After standing for several hours this was separated by 
suction filtration and thoroughly washed with cold water. The lead 


10 Loc. cit. 
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precipitate was suspended in 500 cc. of water, and the lead removed by 
precipitation with hydrogen-sulphide gas and the volume of the filtered 
sugar solution finally reduced to 40 cc. by evaporation ina vacuum. The 
carbohydrate can be obtained in a solid form either by concentrating this 
syrup further in a vacuum desiccator, and dehydrating the thick syrup 
with absolute alcohol, or by pouring directly into a large volume of alco- 
hol from which a colorless powder separates immediately. We obtained 
in the above manner 6.283 gm., and an additional 0.509 gm. was recov- 
ered from the washings, making our yield 2.63 per cent. If we add to 
this the additional amount of carbohydrate obtained in the lipoid frac- 
tion! the total yield of carbohydrate isolated from these bacilli is 3.5 
per cent. Apparently this is a fraction of the tubercle-bacilli cells 
which can easily be obtained in sufficient quantity for chemical research. 
It will be important to compare this carbohydrate with the sugar fraction 
of other bacteria, and this phase of our research will be undertaken just 
as soon as bacteria are made available. 

The carbohydrate fraction, which is easily obtained by the above 
procedures, is a nearly colorless powder. It is extremely soluble in cold 
water and practically insoluble in absolute alcohol. It gives only a 
very slight test for glycogen. An aqueous solution of the carbohydrate 
reduces Fehling’s solution directly, and material which has first been 
subjected to acid hydrolysis contains a much greater proportion of re- 
ducing substances. A preliminary analysis by the Shaffer-Hartmann 
method gave a glucose equivalent of about 10 per cent (that is, 0.0052 
gm. contained 0.00054 gm. of reducing sugar calculated as glucose). 
After hydrolysis with 0.5/N hydrochloric acid for eight hours this same 
aliquot had a glucose equivalent of 60 per cent (that is, 0.037 gm. con- 
tained 0.0224 ym. of reducing sugar calculated as glucose). The study 
of this interesting product will receive our further attention when 
sufficient material has been accumulated for a successful chemical 


research. 


SUMMARY 


1. Four specimens of tubercle bacilli from different sources have 
been examined for their content in the active protein no. 304” and 
carbohydrate respectively. 


1 Fraction A-8. See table in paper by Anderson, J. Biol. Chem., 1927, lxxiv, 525. 
12 Fraction S in chart, Amer. Rev. Tuberc., 1926, xiv, 169. 
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2. While the yield of the protein is very low when autoclaved cells 
are used, the carbohydrate is still obtainable, but in reduced amounts. 
Both combinations apparently undergo change by heating the cells at 
100° or higher. 

3. A technique is described for separating both fractions from a 
single unit of cells, and a modified technique is given for extracting the 
sugar fraction alone. 

4. The technique outlined will be applied to the study of other forms 
of bacteria, including avian, bovine and timothy grass bacilli when 
these are made available for our investigation. 
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THE VERNES FLOCCULATION TEST FOR TUBERCULOSIS 
Results of 250 Cases!? 
ADELAIDE B. BAYLIS 


The present communication deals with 250 cases in which the Vernes 
flocculation test for tuberculosis was employed. Complete description 
of the technique and a short discussion of the principles on which the 
test is based have been presented elsewhere (1). The figures represent- 
ing the final reading are obtained by use of a photometer and represent 
the optic density of a given amount of liquid. The increased density is 
produced by bringing clear blood-serum into contact with an aqueous 
solution of chemically pure resorcin. The technique is exactly con- 
trolled, and the result is a precise measure of the reaction which takes 
place. 

In the study of 250 patients 397 tests were made, as in some instances 
it was possible to obtain two or more specimens from the same patient. 
The cases have been classified in 7 groups which may be designated as 
follows: J: Definite tuberculosis with optic density above 30. 2: 
Definite tuberculosis with optic density below 30. 3: Definite tuber- 
culosis with other clinically recognizable complications. 4: Cases of 
tuberculosis clinically arrested. 5: Cases with doubtful clinical diag- 
nosis of tuberculosis. 6: Patients suffering from other definite diseases 
but without clinical manifestations of tuberculosis. 7: Asthmatic 
patients receiving injections of tuberculin without regard to infection 
with tuberculosis. 

A number of control tests on normal persons have been made. All 
these gave negative results, the maximum reading in this group being 3. 
While a sincere attempt has been made to place the individuals tested in 
7 groups above mentioned, it will be readily appreciated that this has 
been difficult in many instances and that a single patient might with 
justice have been placed in some other group than the one finally selected. 


1 From the Department of the Laboratories, New York Post-Graduate Medical School and 
Hospital, and the Department of Medicine, Columbia University, New York. 
2 Presented before the New York Pathological Society, February 9, 1928. 
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The most dominant symptoms and clinical manifestations have in- 
fluenced our decision. The patients utilized have been furnished from 
two sources, first, the Tuberculosis Division of Bellevue Hospital, 
service of Dr. James Alexander Miller, and, second, the wards and clinics 
of the Post-Graduate Hospital. The clinical records were supplied 
through the courtesy of the physicians on these services. 

The difficulties met in an attempted prolonged study of clinic and 
ward patients are well known. This is particularly true of the tuber- 
culous type. The patients are cared for in the wards only during 
active exacerbations and are likely to be sent to sanatoria from which we 
have not been able to obtain specimens of blood in proper condition 
because of the distance. Out-patients have a tendency to disappear and 
elude all efforts to locate them. 

In the first group with optic density readings of over 30 there were 99 
patients, all presenting histories of tuberculosis confirmed by clinical 
observation. Ninety-four of these had chronic pulmonary tuberculosis 
and were placed clinically in classes 2A, 1B, 2B, 3B and 3C, Miller’s 
classification. The photometric readings of this group ranged from 30 
to 164. In 3 patients tuberculosis of the larynx was recognized, and in 
one there was tuberculosis of the kidney, confirmed by examination 
after operation. There was one case of tuberculous meningitis. The 
clinical evidence of tuberculosis of these 99 cases is so convincing that 
details are superfluous. However, in certain instances, in which repeated 
tests were made, the course of the disease in relation to the changes in 
photometric reading may be of interest. 

Patient 224 was a young man with chronic pulmonary tuberculosis. 
In the first test his reading was 32. Subsequently, following artificial 
pneumothorax the reading rose to 103 within one month and after 
another month to 109. Three months later, under continued pneumo- 
thorax treatment, the reading fell to 95. The patient then left the 
hospital and further specimens have not been obtained. 

Patient 222, a young colored woman, has given successive readings at 
monthly intervals of 97, 28, 65, 69, 75. She was sent to a sanatorium 
shortly after this last test. 

Patient 225, tested at monthly intervals, gave the following readings: 
10, 22, 124, 114 and 85, the observations extending through an attack 


of acute bronchitis. 
These patients could not be followed further, but the figures obtained 
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over the period of 5 to 6 months while they were under observation were 
found to be of value as an indication of the effect of treatment. 

In the case of patient 140, next to be considered, the observations have 
been continued over 23 months and the clinical behavior of the patient 
closely followed during this time. In this case there is evidence of an 
old tuberculous focus with positive finding from guinea-pig inoculation 
in 1925. The roentgenological examination shows a definite lesion. 
At the time of the first flocculation test in January, 1926, the reading 
was 44. Following a period of rest and dietary treatment the figure for 
optic density dropped to 3 in May, 1926. Asa result of the optimism 
which is more or less characteristic of patients with tuberculosis, there 
followed a period of increased activity with a rise in the optic density 
to 12 in June, 1926, and to 33 in August. The indications of the test 
impressed the patient with the need of wiser caution, and since that time 
social and industrial activities have been limited in accordance with the 
results of the flocculation tests, a higher reading being regarded as a 
demand for rest, whereas a lower reading has permitted a more normal 
life. In this way it has been possible for the patient to engage in almost 
continuous regular occupation and the flocculation figure has not risen 
higher than 17. The readings of optic density are shown in chart 1. 
This example illustrates one very important use of the flocculation test 
in that it furnishes a method of gauging permissible industrial activity. 
It would seem that the general application of such a serological control 
would permit many unfortunate individuals to enjoy a useful and self- 
respecting existence. Incidentally there would be a marked economic 
‘saving. The principle of this suggestion is illustrated clearly by the 
graph. In general the clinica! symptoms, temperature observations 
and changes in weight are in accord with the serological findings, but the 
serological guide is apparently more reliable. 

In the second group have been placed patients with reading of optic 
density below 30, the figures ranging from 7 to 27. In this group there 
are 12 patients, all presenting definite clinical evidence of tuberculosis. 
The one with the low reading of 7 was in class 2B, Miller’s classification. 
Four of these patients were children from 7 to 14 years of age. These 
can be designated as contact cases, as there were in the family other 
individuals with chronic pulmonary tuberculosis. In this type of 
patient the test becomes of value in recognizing such secondary cases 
and permits the detection of transmission of the disease in the family 
when this might be otherwise overlooked. 
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In the third group there are 35 patients in whom definite tuberculosis 
was complicated by other diseases. These gave readings from 9 to 141. 
The 25 different complications were as follows. pneumonia; pneumonia 
and bronchitis, bronchitis and emphysema; peribronchial adenitis; 
emphysema; empyema; erysipelas and pneumonia; fibrous pleurisy, 
syphilis and pleurisy with effusion; syphilis, interstitial pneumonia and 
chronic alcoholism; syphilis and lung abscess; tuberculosis of sternum 
and fibrosis of lung; enteritis; generalized oedema and nephritis; tuber- 
culous lymphadenitis; Pott’s disease; duodenal ulcer; endometritis; 


PERCENT NEWCOMER 
MILLIONS RBC 


CuHart 1. OBSERVATIONS ON PATIENT 140 ovER A PERIOD OF TWENTY-THREE MONTHS 


pyelitis; diabetes; sciatica; sacroiliac disease; malignant tumor. There 
is nothing of special value in this group. The figures are not extra- 
ordinary and one may draw the conclusion that when tuberculosis exists 
there is a reaction with the resorcin regardless of coexisting complications. 

The fourth group includes tuberculosis patients in whom the disease is 
clinically recognized as arrested. Here there are 12 patients giving 
readings of from 6 to 21. More than half of them have readings below 
10. The high figures of 21, 19 and 18 might be regarded as somewhat 
disquieting, and it is interesting to note that these 3 patients gave strong 
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Mantoux reactions and showed definite lesions upon roentgenological 
examination. 

In the fifth group there are 14 patients in whom the diagnosis of 
tuberculosis is regarded as doubtful and other complicating diseases are 
present. The readings here range from 9 to 133. The 8 complicating 
disorders included the following; pleurisy with effusion, haemoptysis, 
bronchial pneumonia, bronchial pneumonia with spontaneous pneumo- 
thorax, general run-down condition with typical temperature curve, 
respiratory infection, gastroenteritis, rectal abscess. It is obvious that 
such conditions suggest a tuberculosis. In our opinion those patients 
giving high readings of optic density in this group might very well be 
considered as suffering from active tuberculosis, and be treated accord- 
ingly. On the other hand, when the photometric reading is low it would 
appear that active tuberculosis might safely be considered as unim- 
portant. 

The sixth division is the one presenting greatest difficulty in interpret- 
ing the value of the flocculation test. There are 61 patients without any 
evident clinical manifestations of tuberculosis and with readings of 
optic density ranging from 0 to 116. When clinical evidence of tuber- 
culosis is absent and definite signs of other disease are present it is possible 
that more dominant signs and symptoms may mask a relatively inactive 
tuberculosis now being aroused from its quiescent state by the complicat- 
ing disorder. In such cases there would often arise a marked difference 
of opinion between the clinical observer and the laboratory worker, and 
it would be extremely valuable to have some additional more conclusive 
evidence on these cases. Especially would it be important, when 
possible, to make inoculations of animals. It is recognized that the 
clinician must utilize all available evidence in arriving at his final de- 
cision and that care of the case will be based on his final clinical diagnosis. 
It is often difficult to give the proper interpretation to the laboratory 
tests in forming such a final opinion. 

It is necessary to recall that Vernes has found an elevated optic 
density in certain other diseases, such as the primary stage of syphilis, 
general blood-stream infections and advanced stages of malignant 
tumors. It is probable that further investigation may add other condi- 
tions to this group. In our own work it appears that abscess of the lung, 
as well as other inflammatory diseases of the respiratory tract, may be 
associated with high readings. On the other hand tertiary syphilis, 
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brain tumor, colitis, valvular heart-disease and malnutrition give low 
readings. In the group of supposedly nontuberculous patients 26 
different clinical diagnoses are represented. 

In the seventh group have been placed patients suffering from asthma 
and under treatment by injections of tuberculin. This is a peculiar 
group. In it there are 14 patients, and in some of these it has been 
possible to obtain two or more tests of the blood. Patient 1, in whom a 
diagnosis of healed tuberculosis had been made, gave a negative Mantoux 
test. The serum was examined on three occasions. Tuberculin treat- 
ment for asthma was begun in October, 1926, and ended in January, 
1927. The first flocculation test, made on January 21, gave a reading 
of 29. A second examination, made March 23, gave a reading of 8, and 
the third test, on May 4, 1927, gave a reading of 14. At this time a new 
attack of asthma had appeared and injections of tuberculin had just 
been started again. 

Patient 2 was an asthmatic clinically recognized as not tuberculous, 
in whom the roentgenological examination, however, indicated possible 
tuberculosis. The Mantoux reaction had been repeatedly negative in 
this case. Treatment with tuberculin was terminated on February 4, 
1927. On February 9 the Vernes test gave a reading of 37, and in 
March a reading of 18, and in May it remained at practically the same 
level, giving a reading of 20. 

Patient 27 was diagnosed clinically as arrested juvenile tuberculosis 
and had been treated with tuberculin up to January 7, 1927. On 
January 26, 1927, the Vernes reading was 37. In March it was 13, and 
in May, 28. 

It would appear that the asthmatic under tuberculin treatment gives 
a high Vernes reading of 30 or more, and that after an interval during 
which the effect of the tuberculin treatment has subsided lower figures 
are obtained. This corresponds to the behavior of the tuberculosis 
patient who gives a high reading during the period of activity, with lower 
readings when this activity has subsided. One easily gains the sug- 
gestion that the two groups behave in this way because of the presence 
of the same changes in their blood. This, however, is not necessarily 
the case as the rise in flocculation may be due to tuberculin reaction in 
a person with unrecognized latent tuberculosis. The problem appears 
worthy of further study. 
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VERNES FLOCCULATION TEST 


CONCLUSIONS 


1. The Vernes flocculation test is of value in the detection of active 
tuberculosis. 

2. The test is of even greater value as a guide in treatment, especially 
in regulating the mode of life of relatively quiescent cases. 

3. When high readings are obtained in patients with doubtful diagnosis 
a thorough reéxamination of all the evidence is demanded. 

4. In patients, who present evidence of other disease and in whom 
tuberculosis has not been suspected, a high reading will direct attention 
to the possibility of this disease and a low reading would tend to eliminate 
tuberculosis from consideration. 

5. The observations on asthmatic patients under tuberculin treatment 
suggest a behavior which parallels that of a tuberculosis patient to some 
extent. 

6. The Vernes flocculation test is in our opinion not specific for tuber- 
culosis in a bacteriological sense, but it is an extremely precise and 
delicate test, superior to other serological tests which have been em- 
ployed in tuberculosis. It is a valuable aid in diagnosis and as a guide in 
the treatment of the tuberculous patient. 


REFERENCE 
(1) Baytis, A. B.: Amer. Rev. Tuberc., 1927, xv, 500. 
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Martin Francis Sloan 
1885-1928 


The tuberculosis work of Maryland loses an important and attractive 
figure through the untimely removal of Martin F. Sloan. About a year 
ago epithelioma of the lip first made its appearance. Despite the most 
active and radical treatment, it proved to be of unusually malignant 
character and progressed steadily, until death mercifully intervened on 
July 29, 1928. 

Coming to Baltimore twenty years ago from Texas, where he had 
graduated in medicine at Baylor University in 1907, Doctor Sloan won 
his way to a prominent position in the professional and community life of 
the city and state. Upon the departure of Forster for Cragmor Sana- 
torium Sloan replaced him at Eudowood Sanatorium in 1909. Here he 
remained for twelve years, making meanwhile his reputation as a first- 
class sanatorium administrator. During his term at Eudowood and later 
he was called upon to conduct institutional surveys for the United States 
Public Health Service, for which he had acted as consultant since 1923. 
For several years also he was consultant in pulmonary diseases for the 
United States Veterans Bureau. 

During the war he had received his coramission as medical director of 
clinics of the American Red Cross in Italy, and was about to leave for 
Europe when the Armistice put an end to hostilities. 

Upon leaving Eudowood in 1921 and concentrating more upon practice 
in the city, Doctor Sloan entered heartily into the organized tuberculosis 
work of the community. He was instrumental in establishing free chest 
clinics throughout the state and in devising a system of teaching clinics for 
the diagnosis of tuberculosis for Negro physicians.~ He was particularly 
interested in the Claiborne Preventorium, to which he devoted all the 
time and energy that he could spare. In 1924 he became President of 
the Maryland Tuberculosis Association, which reached a high degree of 
efficiency during his tenure of office. This post he held at the time of his 
death. He was also a Director of the National Tuberculosis Association, 
and had served a term as President of the Baltimore County Medical 
Society. 
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522 IN MEMORIAM 


Affable and able, Sloan was a good doctor in every sense of the term. 
He did much for the consumptive poor, among whom he will be greatly 
missed. For over six years he had charge of a tuberculosis class con- 
ducted under church auspices in a poorer quarter of the city. Here he 
brought a new and better outlook to hundreds of unfortunates, many of 
whom he could admit to Eudowood and there restore to health. For 
many years he was in attendance at the pulmonary dispensary of the 
Johns Hopkins Hospital, where he showed great talent in handling the 
general run of dispensary patients, among whom he was very popular. 
He was a capital group teacher, and acted as Instructor of Clinical 
Medicine at the Johns Hopkins Medical School. He was a member of 
many medical societies, among them the American Sanatorium Associa- 
tion, and was also prominent in Masonic circles. In 1925 he was married 


to Miss Julia Alice Willms, who survives him without issue. 
A. K. K. 
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CLIMATE IN THE TREATMENT OF PULMONARY 
TUBERCULOSIS! 


JAMES ALEXANDER MILLER 


HISTORICAL 


Medical interest in climate is no modern phenomenon. In his famous 
Airs, Waters and Places, Hippocrates wrote, ‘“Whoever would wish to 
pursue properly the science of medicine must in the first place consider 
the characteristic effects produced by the seasons of the years, remember- 
ing that not only does each season in any year differ from the others, but 
that the same seasons differ in successive years. And then the airs and 
winds: such qualities as are common to all countries and such as pertain 
to particular localities.” 

Aretaeus (200 A.D.), recommended sea voyages. 

Galen in his aphorisms said, ‘Of natures some are well or ill adapted 
for summer and some for winter;”’ and again, “‘Autumn is a bad season 
for persons in consumption.” 

Pliny took to the woods for help. He advocated life among the 
forests; “especially those which abound in pitch and balsam are most 
beneficial for a consumptive or for those who do not gather strength after 
long illness, and they are of more value than sea voyages.”’ 

Celsus (25 B.C.), speaking of consumptives, says, “If the patient’s 
condition allow, he must take a long sea voyage, change his climate, 
taking care to remove to a grosser one than that he leaves.”’ He was 
particularly partial to Egypt. 

Sydenham (1660) was a strong advocate of fresh air and exercise, 
especially horseback riding. Of this he says, “I am sure that if any 
physician had a remedy for the curing of phthisis of equal force with this 
riding, he might easily get what wealth he pleased.” 

Morton in 1689 advocated “‘open, fresh kindly air’’ for consumptives. 

Benjamin Rush in 1793 considered that “the first remedy is a dry 
situation. The higher and drier for the purpose the better.” He and 


1 Presented at the annual meeting of the American Climatological and Clinical Association, 
Washington, D. C., May 1, 1928. 
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others of the period continued the long-established ideas of the value of 
sea voyages, but Rush thought that they were particularly valuable to 
those accustomed to the sea. 

Sir James Clark, Physician in Ordinary to Queen Victoria in the earlier 
days of her reign, was the generally recognized authority on climate at 
that time. In the third edition of his book The Sanative Influence of 
Climate, published in 1841, he is still emphasizing sea voyages for early 
and predisposed cases of pulmonary tuberculosis. He has, however, 
gotten definitely away from the idea of climate as a cure-all or even as 
desirable in all cases. He was one of the first to insist upon the regimen 
as the prime requisite in treatment. He contended that too much 
confidence was apt to be placed in the effect of climate per se and that 
this attitude often proves disastrous to the patient by leading him to 
neglect other circumstances quite as essential to his recovery. 

Sir James Clark also very specifically warned against change of climate 
in advanced cases, especially those with “fever, inflammation of the 
lungs and haemoptysis;” in other words, during the acute phases of the 
disease. On the other hand, in chronic cases even when advanced, he 
advocated a change to mild climates, emphasizing the necessity for long 
residence of several years in such cases. He states that there is no one 
best climate for all cases, but he utilized almost exclusively mild equable 
climates, making nice distinctions between the indications for Rome or 
Nice, Pisa or Madeira. Upon the whole, he preferred Madeira in the 
majority of cases because it was equable all of the year, thus obviating 
the necessity of fatiguing journeys to meet the change of seasons. 

He finds it difficult to decide between the relative advantages of 
seaside and inland resorts. He also warns against the dangers of the 
after-cure, and recommends the long continuance of the regular life, 
freedom from strain and moderate exercise, especially horseback riding. 

Close as Sir James seemed at times to be to our modern notions of 
treatment, the influence of the long-continued emphasis which medical 
men had at that time placed upon climate is evidenced by his elaborate 
instructions for the creation of “artificial climate” for the patients who 
could not leave England, by means of self-regulating stoves to keep the 
temperature even, opening the windows wide for a few minutes each day. 

These general ideas constituted current medical opinion for the next 
twenty or thirty years, for Scoresby-Jackson in his Medical Climatology, 
published in 1862, quotes Sir James Clark extensively with approbation. 

In the Lettsomian Lectures in 1876, C. T. Williams tabulates his results 
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in 251 cases of pulmonary tuberculosis according to climate and men- 
tions sea voyages, moist warm climates such as Madeira, calm inland 
climates such as Pau, moderately dry resorts such as the Riviera, and very 
dry climates such as Egypt and Syria, as his available climatic resources. 

It is to be noted that dryness was beginning to be emphasized as a 
factor, and Williams’s results showed a slight advantage obtained in the 
drier climates, although his highest percentage of improvement was 
obtained by sea voyages, possibly because the more favorable early cases 
were chosen for this plan of treatment. 

However, three years later, in 1879, we note the same Dr. Williams, 
who was the English authority on the subject, coming out with qualified 
endorsement of high altitude as an important factor. His experience was 
based upon results obtained at Davos and in the Engadine in Switzerland, 
and he was largely responsible for the English habit of sending patients to 
Switzerland, which continues to the present day. This movement was 
started by the results reported by Archibald Smith in Peru and Bolivia. 

In 1898, Williams, after many years’ experience, again reported the 
tabulated results obtained in 350 cases, claiming the preéminent value of 
high altitudes, and that codliver oil and high altitude were the two bright 
spots in the treatment of tuberculosis at that time. We no longer hear 
much of sea voyages. 

During this period, which we have reviewed as showing the trend of 
English medical opinion as exemplified in Williams’s experience, there was 
developing in Germany the basis of our modern ideas of sanatorium 
treatment for tuberculosis. . 

Brehmer established the first tuberculosis sanatorium at Goerbersdorf 
in 1854. He emphasized the institutional regimen, and especially 
developed the idea of graduated exercise. He also attached theoretical 
importance to altitude as a developer of the small heart, to which he 
called attention as a characteristic of tuberculous patients, and he also 
was apparently impressed with the idea that residence in higher altitudes 
developed an immunity to tuberculosis. 

Dettweiler, an assistant of Brehmer’s at Goerbersdorf, left there and 
established his own sanatorium at Falkenstein in 1877. He followed 
Brehmer in emphasizing the regimen of the institution with open air, 
proper feeding and the regulation of rest and exercise, but he opposed to 
Brehmer’s exercise cure the idea of rest as fundamental in the treatment, 
and we owe our modern ideas upon this subject largely to his influence. 
As Falkenstein has an altitude of 1300 feet, he did not agree with the 
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ideas of the necessity for high altitude but rather that of rest in clean, 
open-air. 

. In this country our first sanatorium was established by Dr. Trudeau in 
1884, largely because of the influence of Brehmer and Dettweiler, and we 
find that the sanatorium idea was becoming more generally accepted by 
that time in other European countries. 

* Trudeau’s selection of the Adirondack wilderness as a site for his 
sanatorium was a result of his own personal experience with the effect of 
that climate, especially of the cold winters. Although he was abetted 
in this great personal experiment by Alfred Loomis, he was really a 
pioneer in seeking this sort of environment, and acted contrary to all 
generally accepted notions of that day, but with results which all the 
world knows. 

His experience and that of others in other localities, such as Solly in 
Colorado and Bushnell in the Southwest, served to focus medical atten- 
tion in this country upon climate as an essential factor in the treatment 
of tuberculosis for many years. 

About the year 1900 Lawrence Flick of Philadelphia came out very 
strongly for home treatment of tuberculosis, and threw aside as unneces- 
sary or worthless the prevalent ideas about the advantages of climate. 

At the International Tuberculosis Congress held in Washington in 
1908 the chief emphasis was laid upon the necessity of a sufficient number 
of institutions for the care of tuberculosis patients, and out of this 
developed a widespread programme in many states of the United States 
for the erection of state and county sanatoria which would serve the 
local communities. 

Henry P. Bowditch, of Boston, also had proved at Sharon, Massa- 
chusetts, that excellent results could be obtained in an institution not far 
from the city, and Joseph H. Pratt of Boston followed the idea still 
further by developing a very successful method of treatment in the 
homes by means of his class method. 

These and other experiences have developed in recent years a wide- 
spread tendency to reassess the whole question of the value of climate, 
and as a result it has been shown that excellent results can be obtained in 
any climate and that there are many advantages resulting from not 
forcing patients to move far away from their homes, relatives and friends 
in order to seek the advantages of climate. 

In spite of this there still remains a considerable body of sentiment in 
favor-of climate, provided other essential factors can, be supplied. We 
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are to-day attempting to summarize this situation and to assess the value 
of climate per se as distinct from the other generally accepted methods of 
treatment. In doing so we must differentiate between institutional 
treatment and simple residence in a climate supposedly favorable, just as 
in home treatment we must differentiate between treatment in the 
patient’s home and treatment in ‘a sanatorium in the patient’s home 
climate. 

In a chronic disease like tuberculosis it is difficult accurately to deter- 
mine the exact effect of several of the more important factors, but the 
fact remains that climate for very many years has held its place as an 
important factor and still does so in the opinion and practice of the great 
majority of physicians. 


FACTORS IN CLIMATE 


It being now universally acknowledged that open-air life by night as 
well as by day is an important factor in the regimen for the treatment of 
tuberculosis, the character of open air, that is, the weather and climatic 
conditions, assumes a position of considerable importance. When 
submitted to analysis these climatic conditions resolve themselves into 
certain main characteristics. 

These are: 


Temperature and humidity, together with the variability or equability of these 
conditions, both seasonal and diurnal, rarefaction, which depends upon altitude 
and the amount of sunshine which is associated with the rainfall or snowfall, as 
well as cloudiness without precipitation of moisture, which condition also 
varies as to concentration in certain seasons or to dispersion throughout the 
year. 

The prevalence of temporary but often severe atmospheric changes, such as 
wind, often associated with dust, and storms either with or without electrical 
phenomena, also associated with wind or rainfall. 

The character of the soil, porous and dry or clayey and moist, together with the 
amount and character of vegetation, varying all the way from thick forests to 
expansive desert sands. 

The configuration of the country, with the variety of mountains or hills, or the 
flat monotony of the plains, and also the nearness of large or small bodies of 
water, with their effect upon humidity, as well as influence upon changes of 
weather. 


All of these varying factors have their effect upon the open air of any 
given locality, and our task as medical men is to assess the physiological 
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action of each as it may be exerted upon given individuals in various 
phases of health or disease for whom we may wish to employ open-air 
treatment. In our endeavor to do this we discover a large body of 
opinion but a more limited array of definite facts. 


The Physiological Effect of Different Atmospheric Conditions 


As to temperature, we know that heat or cold in great excess are 
inimical to health and may be fatal to life. As to the effect of more usual 
ranges of temperature of more limited duration, we know something. 

The effect of temperature upon the body is dependent to a great degree 
upon the humidity. The New State Ventilation Commission, after 
exhaustive studies, found that a temperature of 86°F. combined with a 
relative humidity of 80 per cent exerted an unfavorable effect on normal 
subjects by increasing the temperature and pulse-rate, ‘diminishing the 
vasomotor tone, relaxing the mucous membrane of the upper respiratory 
tract, and diminishing working efficiency. 

A temperature of 68°F. and humidity of 50 per cent had contrary 
effects in all of these phenomena, and showed an increased working 
efficiency of 28 per cent over the results obtained in high temperatures 
and humidity. 

It has been definitely proved that the bad effects of poor ventilation are 
due to the physical effects of the temperature and humidity, and can be 
eliminated by air-currents allowing a change in the warm moist envelope 
about the body, thus allowing heat elimination to proceed more normally. 

These observations are in line with the clinical observations of the 
depressing effects of warm moist climates. 

Cold, dry air, on the contrary, is stimulating, but demands a capacity 
for response from the individual. If this is lacking, as in persons debili- 
tated by disease, old age or other factors, then the effect is exhausting and 
harmful. The chief factor is the demand for heat production, which is 
very great in cold, dry air, but very low in warm air, especially if this is 
moist. If the air is dry then the possible bad effect of both warm and 
cold climates is measurably diminished. The relative humidity not only 
definitely modifies the action of temperature, but also in itself has some 
physiological effect upon the respiratory tract. When low, it has a 
drying effect upon the mucous membrane, which may be beneficial in 
given conditions, although its long-continued action may lead to a dry 
catarrh. Excessive moisture has a relaxing effect, which may predispose 
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toinfection. The effects of dryness are especially intensified by cold and 
those of moisture by heat. 


Movement of Aimosphere 


Air movement, such as breezes, winds and artificial movements by fans, 
materially affect the influence of temperature and humidity, as already 
indicated. In hot and especially moist air they relieve by aiding heat 
elimination; in cold air they increase the demand for heat production, and 
if the air is moist as well as cold they may create great discomfort. The 
action of air-currents, therefore, has a very definite effect upon the 
physiological influence of any locality, whether warm or cold, and their 
effect is greater in proportion to the humidity. 


Variability 


The trend of medical thought since the middle of the last century has 
transferred the emphasis from equability to variability in the considera- ig 
tion of climate. There appears to be good physiological ground for this 4 
change. 
Ellsworth Huntington, after very exhaustive experiments and observa- ; 
tions, came to the conclusion that the ideal climate for ordinary working i 
efficiency was one with a temperature ranging from 60° to 65°F. for q 
physical work, and considerably lower, even to 38°F., for highest mental J 
efficiency, with a humidity of about 50 per cent, but especially one in ‘7 
which there are frequent changes of temperature, both diurnal and a 
seasonal, and in which periodic storms occur, with consequent radical q 
changes in temperature, humidity, barometric pressure, air-currents and 
electrical conditions. 
From his studies Huntington traces a very interesting parallel between 
the changes of climate and the development of civilization, emphasizing : 
the deadening effect of either persistent cold or heat, and the stimulating 
effect of the temperate zones, in which the desiderata above outlined are a 
found. 
Many observers have reached similar conclusions for the sick as for the 4 
well, especially in certain chronic diseases like tuberculosis. Certainly 
it would appear that a certain amount of change is restful, both physically P 
and to the nervous system. 4 
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Rarefaction 


This element in climate is found only at the higher altitudes. It is 
around this particular factor that a great deal of modern discussion has 
ranged. It is only since the middle of the last century that altitude has 
become a prominent factor in the consideration of climate. 

The physiological effects of altitude are quite definite. The heart and 
respiration are increased and dyspnoea is often marked, especially until 
the individual is acclimatized. If the heart is normal it will respond by 
increasing in size and in the thickness of its wall, making for better 
circulation, both pulmonary and general. If the heart is weak or if high 
blood-pressure be present, with or without arteriosclerosis, the strain is 
often too great and may do real harm. Nervousness and sleeplessness 
may be induced or intensified, especially in women. The red cells and 
haemoglobin are either actually or relatively increased, and it is claimed 
that the mononuclear leucocytes are increased. In high altitudes also 
the air is relatively dry and cool, and variability is much more marked 
_ than at lower levels, so that these localities derive whatever benefits may 
‘ be expected from these conditions in addition to the rarefaction itself. 
The air is also apt to be free from dust and other impurities, and the lack 
of moisture and dust allows for the better transmission of sunlight. 

Sunlight itself has a very definite physiological effect that is at present 
only partially understood. It is presumed that the chief therapeutic 
effect is from the shorter or ultraviolet chemical rays, and it would appear 
proved that not only is the general effect of dispersed sunlight beneficial 
but that in many conditions direct exposure of the skin, especially when 
pigmentation occurs, has a specific effect. This is perhaps most striking 
in rickets and in nonpulmonary forms of tuberculosis. 

The effect of sunlight may be definitely harmful if excessive, especially 
when the temperature is high and, as above noted, it is probably more 
effective in the higher altitudes. How far the beneficial effects of sunlight 
may be enhanced, by filtration through special glass, or may be repro- 
duced by artificial sources of light, is still somewhat problematical, but 
that it is possible to do so in at least some degree appears to be demon- 
strated. 

Rainfall, fog and cloudiness are conditions to a considerable degree the 
converse of sunshine. Rain or snow, however, tend to purify the air from 
dust or smoke, and in suitable proportion are, of course, important to 
vegetation. If periodic and not excessive, storms with precipitation 
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probably are also beneficial in enhancing the variability of climate. 
When excessive or prolonged, the consequent deprivation of sunshine is 
detrimental, and in warm climates the resulting humidity accentuates 
the bad effects of the heat. 

Cloudiness may be considered much as rain, except that its unfavorable 
effects are less marked, but prolonged cloudiness without precipitation 
presents most of the disadvantages without any of the advantages of the 
latter. Fog is generally considered in a category similar to cloudiness, 
except that it is usually temporary and evanescent. When prolonged or 
regular in its occurrence it undoubtedly has the general effect of ordinary 
cloudiness. Whether there is such a thing as dry fog is disputed. In 
some localities, as the Maine coast, the fog does appear to have a less 
saturating and less detrimental quality than elsewhere. 

Where rain, fog or cloudiness are regularly to be expected, then the 
climate undergoes all of the modifications which have been discussed 
under humidity, with its special effect upon the action of the tempera- 
ture, whether that be warm or cold. 

The effects of certain other topographical characteristics, such as hills 
or mountains, valleys or plains, the amount and character of vegetation, 
and the permeability of the soil, may be important, but are less so than 
those already considered. 

Mountains and hills not only give the changes characteristic of eleva- 
tion, but also provide protection from wind and variety of landscape. A 
flat country is, in general, the worst, and is uninteresting and undesirable. 
The psychic effect of the natural beauty of any locality is a very real thing. 

Trees and forests also add variety and beauty, and offer protection from 
wind, At one time considerable stress was laid upon the beneficial 
effects of forests, especially of pine and balsam, because of the ozone in the 
air. Both the presence and effect of ozone may now be dismissed as a 
medical myth. 

Desert sands intensify sunlight and also heat by reflection. Winds and 
dust storms are, however, apt to be frequent, and the monotony of out- 
look is depressing to many. When relieved by some vegetation, or by 
hills or mountains giving wind protection, these desert areas give a 
combination of warmth and dryness which is certainly helpful in many 
cases. Such localities are very apt to be unbearably hot in summer, 
although the dryness makes the heat very much more endurable than in 
moister localities, and there is apt to be a sharp drop in temperature after 
sundown which supplies a diurnal variation that enables many cases not 
only to bear the climate but to thrive in it. 
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In general, a permeable soil, even though not actually desert sand, is 
preferable and more pleasant. 

We find, therefore, that there are certain real physiological effects 
which may be expected from the prolonged influence of different types of 
atmospheric conditions. 

Our next task is to attempt to adapt these conditions to the variations 
of disease, physical condition, temperament and individuality of patients 
with pulmonary tuberculosis. 


SELECTION OF CLIMATE 


It is generally agreed that there is no one best climate for tuberculosis, 
It is also generally accepted that experience has demonstrated that the 
regimen of taking the cure is more important than simply the climate. 
In other words, climate without regimen is of very little value, while 
regimen without any particular beneficial climate may accomplish a great 
deal. All observers also agree that there are certain types of cases that 
should not be moved in search of climate. These are, in the main, of 
patients in the acute phases of the disease, particularly with fever or 
recent haemorrhage, and very advanced patients, who are very sick and 
not able to stand the fatigue of the journey. In these cases, absolute 
bed-rest, either at home or in a hospital in the home town, is the essential 
requisite, and should be continued until such time as the patient is able 
to travel without risk. Failure to observe this common-sense rule has 
often led to disaster, the patient arriving at the health resort very much 
worse than when he started from home, and often damaged to such an 
extent that his hopes of ultimate recovery are decidedly lessened if not 
irretrievably lost. Various writers have estimated the number of those 
which should not be moved as about 25 per cent of all cases. 

After eliminating these cases, we have to consider the others for which 
the possible advantages of change of climate should be estimated: 

1; The first consideration is that the patient should be able to afford 
the change. This means that his expenses for a considerable period of 
time will be adequately taken care of, so that he can have good food and 
good care, without which climate alone can do nothing. This demands 
an estimate on the part of the physician of the probable cost per week in 
any particular resort and the probable duration of stay that will be 
required for the particular patient. At the present time the minimum 
rate per week is not less than twenty-five to thirty dollars a week for 
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private care, and the average would be nearer thirty-five to forty dollars 
a week. The required duration of treatment depends largely upon the 
stage of the disease. T he minimum in most favorable cases can be 
placed at six months and the average for improvable cases is more than 
a year. For the more chronic and more advanced cases, even though 
they improve, an indefinite period of treatment for several years must be 
expected and provided for. In general, it may be said that for most cases 
for a year’s treatment a minimum of from twelve to eighteen hundred 
dollars a year should be available. 

The fetish of climate has resulted in sending many patients to remote 
resorts with almost no money except their car-fare. This is often done 
on physicians’ advice, the idea being either that the air will quickly 
restore them to health or that they will be able to find work and become 
self-supporting in a comparatively short time. This is a very unfor- 
tunate mistake. Health resorts are crowded with patients seeking easy 
or light employment, and opportunities for such employment are almost 
nonexistent. Consequently, many tragedies have resulted, in which all of 
the burdens of poverty in a strange land are added to those of the disease 
itself. Health resorts themselves have strongly deprecated this practice, 
to such an extent, indeed, that sometimes the warnings of chambers of 
commerce and other similar organizations sound as though the boasted 
climate of their particular town or state was good only for the rich and not 
for the poor. 

The evil they deprecate, however, is a very real one and that they 
should make an effort to be relieved from the burden of caring for these 
indigent consumptives sent to them is very natural and quite proper. 

2: The second important consideration is that good food and lodging 
will be available. No patient can live on air, and poor accommodations 
and bad food will more than counteract any possible benefit of any 
particular climate. This should be assured in advance, either by the 
knowledge on the part of the physician recommending the patient or 
through proper inquiries made through local agencies, many of which 
now have accurate data available concerning accommodations for 
patients in different parts of the country. 

3: The third important consideration is to make sure that the patient is 
directly referred to and placed in the hands of a reliable physician skilled 
in the management of tuberculosis. This is a precaution very often 
neglected. All too often a patient is advised simply to go to the moun- 
tains, or to the country, or to some locality, and live out of doors and eat 
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good food and not to bother much about medicine or doctors. Occa- 
sionally the results of this haphazard treatment are satisfactory. More 
frequently, however, they are disastrous, and in any case the progress to 
be expected is less certain and less rapid than if the life of the patient 
were strictly supervised by .a competent physician. It is, therefore, 
important that every physician referring patients should either send 
them to a well-recognized institution or to some physician known to him 
or recommended by accredited agencies. Only in this way can the proper 
regimen be assured, and this, as we have already seen, is the keynote of 
success in the treatment of tuberculosis, entirely independent of climate. 

The most important factor is the regulation of rest and exercise, a 
difficult procedure, and one that the patient is absolutely incapable of 
carrying out by himself. Patients so often improve rapidly by change of 
environment, so that a false sense of security is apt to be engendered, and 
this leads to imprudence and over-doing, which all too frequently bring 
relapse and often disaster. 

4: The next consideration is the characteristics of the patient and an 
estimate of the environment in which that patient would do best, and in 
certain cases this assuredly means home. Many a nervous apprehensive 
mother of children has lost all chance of getting well through the ill effects 
of homesickness, even under the best environment and care in the best of 
climates. Frequently better results are obtained by going very slowly 
in cases in which the desirability of sending a patient away from home and 
friends seems doubtful. Rest at home can do no harm in such cases, and 
frequently will enable the patient to improve and to regain morale to a 
point where a little later a change can be effected with infinitely greater 
chances of success. It is becoming a rule, in increasing numbers of cases, 
for physicians to keep the patient at or near home during the more active 
stages of the disease, even when there is no actual high fever. Absolute 
bed-rest during all active stages of the disease is required wherever a 
patient may be. During this period the patient is very much more apt 
to be homesick when sent away from home than when able to be up and 
about, even though on a pretty strict regimen. It seems quite probable 
that as time goes on we shall see greater use made of proper institutions in 
or near our large cities for the care of such active cases, even though they 
be not very advanced, with proper accommodations for open-air sleeping, 
good food and nursing and skilled medical attention. If all of these 
conditions are available, it is my belief that most cases would do better 
to take advantage of them during the active stages of the disease and to 
defer the change of climate to a later period. 
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But even when we have excepted all of the cases which we may keep 
temporarily at home for one reason or another, we sooner or later face the 
fact that for a considerable period of their treatment there seems to be no 
doubt that a patient is improved by change to some health resort for a 
considerable portion of the period of treatment. The adaptation of the 
patient to the particular resort and to the particular physician is impor- 
tant. This demands careful study on the part of the physician who is 
giving the advice, and a considerable knowledge, both of the patient, his 
disease, his temperament, his tastes, and his probable reaction to various 
environments, and, on the other hand, a similar knowledge of the various 
localities which are under consideration and of the personality of the 
physician as related to that of the particular patient. 

As to the question of personalities, no rule of course can be laid down. 
Discrimination here is more or less instinctive, but at the same time it can 
be cultivated if its importance is sufficiently realized. 


EDUCATIONAL ADVANTAGES 


One great advantage in sending a patient to a health resort is the 
education which is derived from association with other patients as well 
as the direction of the physician in charge. This education constitutes 
one of the most important advantages of sanatorium treatment. It is 
almost impossible to teach a patient curing alone in his home all of the 
details which become second nature if the same patient is treated in a 
sanatorium or health resort in association with other patients. I think 
that, in general, it can be accepted as a fact that no period of treatment 
for tuberculosis is in any sense complete unless the patient has had at 
least a portion of that time spent under such conditions. Not only do 
they make greater and more certain progress in eliminating the symptoms 
of disease, but they also acquire a knowledge of the danger signals of 
relapse and of their own particular limitations which acts as the best of 
health insurance when they eventually return to their normal environ- 
ment and active life. These are advantages, of course, that can be 
obtained in a sanatorium near home, where there are no particular 
climatic advantages, and many private patients do not go to sanatoria at 
all. For them it is particularly important that they cure in such health 
resorts as will offer the opportunities for education which have been 
above outlined. 
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VALUE OF CHANGE 


Another important factor, quite independent of a particular climate, is 
the advantage of change itself. Healthy people, when tired, experience a 
tremendous improvement in their general physical and mental tone by a 
complete change of environment in a healthy out-of-door life. This is all 
the more true of a person with tuberculosis, provided the other important 
essentials are not lost. Consequently, independent of the climatic factors, 
we must consider always this element, which is a very real one. For 
example, the tenement-house dweller, removed from the crowded 
unsanitary environment to the open air of a day camp on the water front 
in a large city, will often show the same remarkable improvement that a 
person accustomed to luxury would obtain from change to a locality 
possessing an ideal climate. 


MEDICAL CONSIDERATIONS 


But when all of these various factors, which have not directly to do 
with climate, have been considered, and the relative importance of each one 
has been satisfactorily determined, we still have the problem of where we 
shall send the individual case of tuberculosis, entirely independent of 
social, economic or personal considerations. When we come to consider 
this strictly medical basis of choice of climate, we encounter a good deal 
of difficulty and not a little difference of opinion. Certain general 
considerations, however, stand out which may be helpful. 

In our consideration of the factors of climate we have noted that there 
are certain definite physiological changes to be ascribed to cold dry 
variable climates, and that these conditions are most usually found in the 
mountains where greater or less altitude is obtained. It has also been 
noted that such conditions demand on the part of the individual a capac- 
ity of response, which, if it is not present, does harm. Speaking 
generally, therefore, it may be said that a young person with good 
circulation, and not too much debilitated by the amount or toxaemia of 
the disease, will respond best to the environment of these mountain 
resorts, and that, on the other hand, such patients will not respond as 
well to places that are warm, particularly if these are humid and conse- 
quently relaxing. 

On the other hand, older people with poor circulation, impaired heart 
action or more or less arteriosclerosis, do not do well in these high 
stimulating climates, but respond better to a more equable climate where 
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it is mild, and even if it is somewhat humid. The same thing is true of 
persons with highly strung nervous temperaments, particularly women, 
who often do not do well at high altitudes, and frequently do not respond 
well to cold or to marked variations in temperature, and consequently do 
better in the same conditions which we have suggested as being best 
fitted for elderly people. 

In addition to these more general considerations, there are certain 
types of cases in which altitude of any extent above two thousand feet 
may be considered definitely contraindicated. These are cases with 
valvular disease of the heart, those of high blood-pressure or considerable 
arteriosclerosis, persons with considerable dyspnoea from any cause, 
whether from extensiveness of the disease, accompanying pneumothorax, 
or extensive emphysema or tendency to bronchial asthma, and also those 
with very rapid pulse-rate, 100 or more. 

In regard to haemorrhage cases, there has been a good deal of discus- 
sion in regard to altitude. It is unwise to send any case that has recently 
been bleeding on a journey to any resort; but, simply because a case has 
had haemorrhages from time to time during the course of the disease, 
appears to be no real contraindication for sending him to a high altitude 
later, provided all the other indications are met. More recent studies on 
this subject appear to show conclusively that haemorrhages in such cases 
are not more apt to recur at high altitudes than at lower ones. 

Dryness is in general an accompaniment of the higher altitudes. 
There it is usually associated with cold and with variability in tempera- 
ture. The warm dry desert climates are particularly favorable for cases 
for which the dryness and sunshine seem desirable, and the altitude is 
contraindicated for some of the above-given reasons. Dry climates, 
whether at higher or lower altitudes, seem to be particularly favorable in 
cases with laryngeal tuberculosis, or those associated with very marked 
bronchitis or with a good deal of moist expectoration, either from the 
bronchitis or from the tuberculosis itself. The effect of dryness of the 
air in these cases seems to be very definite. 

Sunshine is always desirable, and in some types of cases it is almost 
essential. This is particularly true of cases for which we have now come 
to recommend some form of heliotherapy. Laryngeal tuberculosis comes 
among these cases, also the various forms of nonpulmonary tuberculosis, 
whether of the bones or joints or the peritoneum or the lymph nodes, or 
the various tuberculous infections of the skin and subcutaneous tissue 
which used to be included under the general head of scrofula. 
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- The effect of direct exposure to the sun, both locally and generally, in 
these cases is often very striking. As to the effect of such exposures in 
cases of pulmonary tuberculosis, there is still a good deal of differ- 
ence of opinion, but there seems to be little doubt that the dangers of such 
exposure have been exaggerated, provided the exposures are conducted 
very much more cautiously than is necessary in cases of nonpulmonary 
tuberculosis. The good effects of heliotherapy in these latter cases must 
be ascribed to some general effect on the body as a whole. It is hard to 
conceive why it should not, when properly utilized, also be of benefit in 
properly selected cases of pulmonary tuberculosis. It is, of course, taken 
for granted that cases with fever and cases of haemorrhage or those with 
very advanced disease and poor general condition should not be treated 
by this method. 

In general, it may be said that the advantages of open-air life and open- 
air sleeping, by increasing the general tone of the body, by soothing the 
nervous system, by favoring relaxation and sleep, by improving the 
appetite and digestion and consequently favoring gain in weight, and by 
lessening the cough, are now recognized by common experience. 

In localities where climate is adapted to the individual patient, his 


temperament, his tastes and psychological reaction, as well as his disease, 
this open-air life is made more agreeable and more advantageous. It is 
in this that the advantages of climate undoubtedly show themselves. 


CLIMATIC RESORTS 


Where in this country are we to find various localities which will 
provide the types of climate which have been discussed? ‘There are 
undoubtedly many localities in this country which have never been 
developed as health resorts, which offer all the climatic advantages of 
those which are better known, but, on the other hand, it is only in the 
developed health resorts that the other necessary factors in the treatment 
of tuberculosis are to be found, and consequently we may confine our- 
selves to the consideration of such health resorts and outline the various 
climatic conditions which they afford. 

In the East, while we have several so called mountain resorts, we have 
no real localities which offer the conditions of high altitude. The moder- 
ate-altitude resorts are the Adirondacks, with an altitude of 1200 to 2000 
feet, the slopes of the Catskills in the Sullivan County region of New 
York State, altitude of 1500 to 2000 feet, the mountains of the Blue 
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Ridge, particularly Asheville, North Carolina, 2800 feet, Hot Springs, 
Virginia, and White Sulphur Springs, West Virginia, 1000 to 1500 feet. 

The Adirondacks are characterized by very cold winters and mild 
summers, a good deal of variation in temperature, a very considerable 
amount of snow in winter and rain in certain periods of summer, and 
consequently not dry, and not a very high percentage of sunshine, with a 
sandy. soil and abundance of:pine and hard-wood growth, and a very 
remarkable number of lakes scattered through the region. 

The Sullivan County region has a temperature range very much like 
the Adirondacks, probably less precipitation, both of rain and snow, does 
not possess the numerous bodies of water, and is consequently a little less 
moist, has not the vast expanse of forest nor the sandy soil of the Adiron- 
dacks, a large part of this region being under cultivation. The configura- 
tion of the country is rolling and hilly rather than mountainous and 
pleasing rather than rugged. 

The Blue Ridge resorts, such as Asheville, are much more definitely 
mountainous.and rugged in character than either of the other two; being 
farther South, the winters are much milder, though by no means warm, 
snow being not infrequent although seldom of any considerable amount; 
the summers are distinctly warm. ‘The altitude, however, at Asheville 
is such that it is a very popular summer resort for many of the Southern 
states, whose citizens find it pleasant and congenial. The inhabitants of 
the North, however, as a rule find the summers pretty warm. There is, 
however, a very considerable fall of temperature at night. The nights are 
always cool. These resorts are in the midst of forest country, but have 
much fewer bodies of water than the Adirondacks. 

Other Eastern resorts which may not be classified as mountainous are 
for the most part in the South. Some of these provide an excellent 
climatic environment for all classes of cases for all times of the year 
except the summer months. 

Southern Pines and Pinehurst have a low elevation, about 1000 feet, 
sandy soil, much pine woods, a high percentage of sunshine, and a more 
equable climate than the mountainous resorts, but less so than those 
situated further South. These resorts are particularly well adapted for 
cases in which a high altitude is contraindicated. All classes of cases do 
well there except during the summer months, when patients from the 
North are apt to find it too hot. 

Resorts further South are recommended only for the cooler seasons of 
the year,—winter or parts of spring and autumn. Certain places like 
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Augusta, Georgia, with a considerable altitude, have a longer period of 
time when it is not too hot and also a climate a little more stimulating and 
not so equable during the winter season. 

Others, such as Aiken and Camden, South Carolina, and Thomasville, 
Georgia, are equable climates of low altitude with sandy soil, a good deal 
of pine woods, and are particularly well adapted for cases of older people 
or those of nervous temperament, in which equability and warmth, com- 
bined with a considerable amount of dryness, are desirable. 

In general, it may be said that Florida, even in the winter time, is not a 
favorable climate for pulmonary tuberculosis because of the compara- 
tively high temperature, combined with humidity. In spite of this, there 
are certain older people, particularly those with arteriosclerosis, who do 
well there, and the ability to take sun-baths on the beach, with a moder- 
ate amount of sea-bathing in certain types of cases that are in good 
physical condition, seems to suit some younger people, for whom it should 
be considered more in the nature of an after-cure than as a place to be 
recommended during the active treatment of the disease. 

One very great disadvantage of all of these Southern resorts is that 
cases of pulmonary tuberculosis are not welcomed except in the few 
instances such as Southern Pines and to a less extent at Aiken, where 
sanatoria have been established. The prejudice against tuberculous 
invalids is so great in most of these places that, except in the case of 
patients who are very well and do not need a very strict rest-cure, it is 
very difficult if not impossible for the proper regimen of treatment to be 
carried out except in individual homes. 

Another locality much used for Canadian patients and to a much less 
extent by those of the United States is that of Muskoka Lakes. This has 
a climate and general conditions very similar to those of the Adirondacks, 
and there are several excellent institutions there for private cases where 
ideal conditions for their treatment are to be obtained. 

When we come to consider the West we have three main types of 
climate. The first is the high dry mountain climate of Colorado and 
some parts of New Mexico and Arizona, of which the best known are 
Denver and Colorado Springs in Colorado, Santa Fe and Silver City, 
New Mexico, and Prescott, Arizona. 

In all of these localities sanatoria exist, most of them of a very satis- 
factory type, and in them all the advantages of high altitude, combining 
cold in winter and fresh stimulating fairly cool summers, with dryness and 
a high percentage of sunshine, exist. These are the localities in which the 
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climate demands a considerable amount of ability to respond on the part 
of the patient, and are particularly well adapted to cases in good general 
condition, particularly among younger people. Cases of laryngeal 
tuberculosis also appear to do very well here. 

The second group of localities are those of the lower altitudes with 
more or less of the desert environment, which are very dry, with a very 
high percentage of sunshine, warm in winter, but as a rule unbearably 
hot in summer, with very marked diurnal variations between night and 
day both in winter and summer, which make the nights feel quite cold in 
winter and just pleasantly cool.in summer. These are Phoenix and 
Tucson, Arizona, Banning, California, and Castle Hot Springs and 
Chandler, Arizona, the latter two of which are more pleasure resorts than 
health resorts. 

Albuquerque, New Mexico, and El Paso, Texas, stand midway between 
the two groups above described, possessing many of the advantages of 
both, but their comparatively lower altitudes making them less cold in 
winter than the higher-altitude resorts and distinctly more desirable in 
summer than the low-altitude resorts. The other general characteristics 
are more like the low-altitude desert resorts than those of the more 
distinctly mountainous resorts at high altitudes. 

These low-altitude desert resorts, with their dry clear atmosphere, 
high percentage of sunshine, intensified by reflection of the sand, lend 
themselves in winter particularly to the adaptation of heliotherapy and 
for the treatment of cases of laryngeal tuberculosis and those with marked 
catarrhal symptoms and bronchitis. They also, however, are most 
desirable in winter for cases that have reached the exercise stage, and 
like the out-of-door life, particularly horseback riding, and temperaments 
that enjoy the charm of the desert expanse. The absence of forests, with 
frequent monotony of the landscape, the prevalence of the sunshine and 
the vivid colors of the sandstone mesas, either appeal very strongly or else 
are distinctly disliked, according to individual taste and temperament. 

The third region of the West to be considered as a climatic resort is the 
region of Southern California. Part of this is along the coast, which 
makes it comfortably moist, such as Santa Barbara and San Diego, and 
the whole San Gabriel valley from Pasadena and Monrovia to Riverside. 
South and east of this, at Redlands and Banning, the conditions more 
nearly approach those of Southern Arizona. 

The climate of Southern California as one approaches the coast 
becomes more moist, and is consequently quite equable and mild, fairly 
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warm in summer and never really very hot, and never cold in winter. In 
other words, of all the climates in this country, it is probably the most 
equable. It is a climate which consequently causes not a great deal of 
stimulation, but is particularly well adapted for such cases as do not 
respond well to the high demands made by the colder or higher localities, 
It is, moreover, a garden spot, semitropical in character, with sandy soil, 
vegetation largely depending upon irrigation, and has a very high per- 
centage of sunshine, with a tendency to certain definite rainy seasons, 
The winters in this region are ideal for cases with lowered vasomotor tone 
and poor circulation, or for older people or those of distinctly nervous 
temperament; for those with a tendency to dyspnoea and for those cases 
associated with organic disease of heart, arteries or kidneys. It is, more- 
over, a beautiful playground for ambulant cases in good general condition 
to take their after-cure. To not a few cases that would be otherwise 
perfectly suitable for a more rugged climate, the charm and beauty of the 
environment appeal greatly, and consequently not a few cases of all 
classes frequent and do well in this locality. For the winter season it is 
consequently an ideal spot for many patients who come under our obser- 
vation here in the East, the chief disadvantage being the long journey and 


the expense involved, both in the car-fare and in proper accommodations, 


COMPARATIVE RESULTS OF CLIMATIC TREATMENT IN PRIVATE PRACTICE 


In an effort to crystallize indefinite impressions into statistical form, I 
have analyzed the ultimate results obtained in my private practice in 
reference to the locality in which these patients took their cure. 

Inasmuch as consultation practice in tuberculosis in a large city 
resolves itself largely into a diagnostic and distribution centre, it would 
appear that the opportunity afforded to study the results obtained in a 
series of cases sent for treatment to all of the various health resorts of the 
country might be of interest and value. 

The only similar attempt to assess the value of climate in the treatment 
of private cases that I have been able to find in the published literature is 
that of C. T. Williams, who in 1876 reported on 251 cases, and at that 
time he favored the selection of mild equable climates, such as Madeira 
and the Riviera, and again in 1892 ke reported upon 350 additional cases 
and, as a result of his experience, was enthusiastically in favor of high 
altitudes in the treatment of this disease. 

The statistical material here presented was obtained from an analysis 
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of all private cases referred to health resorts more than five years ago. 
There were approximately 2500 such cases. 

Complete records of the results obtained were lacking in many cases, so 
that only 1028 cases remained to be reported upon. 

I am deeply indebted to many of my medical confreres for supplying 
information concerning many of these cases and to my colleagues Dr. 
Oswald R. Jones and Dr. Julia V. Lichtenstein for much painstaking 
labor in compiling the statistics from my records. 

Table 1 shows the combined results of treatment at the time of dis- 
charge from the various resorts, arranged according to the stage of their 
disease, employing the National Tuberculosis Association classification. 

No distinction is made as to whether these patients were treated in 
sanatoria or otherwise, or in relation to special methods of treatment, 


TABLE 1 
Discharge results in entire series of 1028 cases 


ional CLASSIFICATION OF CASES ARRESTED | ovIESCENT 
ARRESTED 


per 
cent 


per 
cent 


23 65 11 
492 47 79 16/317 65} 86 17; 10 2 
7| 66 48 35 


62 17 


18 


642 


eee see 


such as artificial pneumothorax, etc. Inasmuch as these patients were all 
private cases and were under the care of physicians of recognized high 
ability in the treatment of tuberculosis, it may be assumed that all had 
similar advantages in the way of good environment and medical care in 
whatever particular resort they were under treatment. 

It is seen that 39 per cent of these 1028 cases were in the early stage, 
47 per cent moderately advanced and 14 per cent far advanced. 

The immediate results of treatment in all stages were 18 per cent 
arrested or apparently arrested, 62 per cent quiescent or improved, 17 
per cent unimproved, and 3 per cent dead. 

Table 2 shows the follow-up results of these same cases in the period 
from one to five years after discharge from the health resorts. There 
were 725 cases in this series. 

Of these cases 36 per cent were arrested or apparently arrested, 35 per 
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cent were quiescent or improved, 18 per cent were unimproved, and 11 


per cent were dead. 
Table 3 indicates the results in 303 of the total series which were 


followed more than five years. 
Forty-nine per cent were then arrested or apparently arrested, 31 per 


cent were quiescent or improved, 15 per cent were unimproved, and 5 
per cent were dead. 


TABLE 2 
Follow-up results from one to five years after discharge 


ARRESTED 
AND 
APPARENTLY 
ARRRSTED 


CLASSIFICATION OF CASES 


per 
cent 


144 55 
29 
13 11 


260 36 


TABLE 3 
Follow-up results over five years after discharge 


CLASSIFICATION OF CASES QUIESCENT 
AND 


II IMPROVED 


ber per 
cent 


29 


46 33 
26 


31 


Table 4 shows the immediate results of treatment in the entire’ series, 
analyzed from the point of view of the locality in which the patients were 
treated. For our present purpose this is probably the most significant 
table of all. 

In order to obtain sufficient numbers in each class to make any com- 
parison possible, several resorts possessing similar climatic characteristics 
are grouped together. 

North, for example, includes the Adirondacks, the Catskills and Sullivan 
County region, and a few cases sent to the Berkshires. 
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West, practically means Colorado, almost entirely Denver and Colo- 


rado Springs. 
South, indicates Asheville, with a few cases in Southern Pines, Aiken or 


Camden. 


TABLE 4 
Results at time of discharge in the entire series of 1028 cases, arranged according to climate 


CLASSIFICATION OF CASES ARRESTED 
AND 
LOCATION APPARENTLY 
II Ill 


DIED 


PROVED 


per 
cent 


22 
41 46 12} 32 79 7 
14 


w 
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Home | 109} 40 37 11 27} 24 60; 5S 13} 0 O 
48 44 $ Wis @it 6 

21 19 0 oO; 10 48; 8 38; 3 14 * 
19 17} 67 62;20 18; 3 3 


Southwest, includes the resorts of Arizona and New Mexico. 
Home, means New York City or its vicinity within a range of 50 miles, 
the treatment being supervised from my office. 
For purposes of comparison the chief weakness in this series is the 
very great preponderance of the number of cases sent North. As this 
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section of the country comprises the two great health resorts readily 
accessible to New York City, this preponderance is not surprising. A 
similar study from a centre of population more centrally located, for 
instance, Chicago, would probably show a more even distribution. 


TABLE 5 


Results in 725 cases followed from one to five years, arranged according to locality in which they 
were originally treated 


CLASSIFICATION OF CASES ARRESTED 
AND 
APPARENTLY 

II Ill ARRESTED 


21 


The basis of selection of locality for these patients was the general 
principles laid down in the body of this paper and the personal preference 
of the patients, and the economic factors involved, even probably more 
decisive than the purely medical ones. 
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Inasmuch as the advice was given by the same physician in all cases, 
the basis of selection may be assumed as similar in all. 

As to variations in the type of treatment other than differences in 
climate, it should be noted that a larger percentage of cases sent North 


TABLE 6 


Results in 303 cases followed more than five years, arranged according to locality in which they 
were originally treated 


CLASSIFICATION OF CASES ARRESTED 
AND 
LOCATION APPARENTLY 
II III 


per 
cent 


80 
54 
40 


61 


52 
42 
21 


to 


ooo ooo ooo 
ooo i=) ooo ooo 


was treated in sanatoria, as many of them went to either the Trudeau 
Sanatorium or the Loomis Sanatorium. nd in the opposite direction, 
none of those treated at home was in sanatoria. 

The table shows a surprising similarity in the type of cases sent to each 
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locality as judged by the distribution according to the stage of the disease, 
It would appear that this distribution was so similar that criticism of the 
results obtained on the ground of discrimination in the type of case 
would be unfounded. 

Consideration of the results obtained also shows a remarkable simi- 
larity. 

Taking the comparison of arrested and apparently arrested cases, it is 
shown that in the West it was 16 per cent, in the North 20 per cent, in the 
South 6 per cent, in the Southwest 18 per cent, and at home 17 per cent. 

On comparing the deaths, in the West they were 3 per cent, in the 
North 2 per cent, in the South 3 per cent, in the Southwest 9 per cent, and 
at home 3 per cent. 

The discrepancies in the number of arrests in the South and of deaths 
in the Southwest are probably of no significance, being explainable by 
the comparatively small number of cases. 

Tables 5 and 6 represent an attempt to analyze the permanence of 
results obtained after treatment in various localities. 

No effort is made to correlate the type of after-care afforded these 
cases, but, inasmuch as they represent the cases out of a much larger 
total number in which our office records were complete, they constitute 
for the main part patients who were supervised from my own office after 
return to conditions in or near New York, and are consequently com- 
parable. 

In table 5 those followed from one to five years show no great outstand- 
ing differences. 

The percentage of arrests from the West is somewhat higher and in the 
Southwest somewhat lower than the average. The percentage of deaths, 
on the other hand, is higher than the average in the West and in the 
North. The home cases show up well in both these items. 

In table 6, analyzing the comparative results after five years, the home 
cases show up definitely the best of all. 


CONCLUSIONS 


The similarity of results obtained, both immediately and after the 
lapse of several years, appears to leave no escape from the conclusion 
that, at least when there is a similar basis for the selection of the locality 
for the treatment of cases of pulmonary tuberculosis and when this basis 
is employed by the same physician, practically identical results may be 
expected in each locality. 
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When, in addition, it is found that the same or even better results may 
be obtained in New York City and its environment as in any of the more 
distant health resorts, it appears a reasonable conclusion that climate 
per se is not the determining factor in the success of treatment. 


SUMMARY 


1. The regimen of regulated rest and exercise, proper food and open- 
air life, is the fundamental essential in the treatment of tuberculosis. 
Suitable climatic environment makes this open-air life more easy, 
enjoyable and beneficial. 

2. When these essentials are assured, a change of climate is of definite 
value in a considerable number, probably the majority of cases, but with 
the proper regimen many cases will do well in any climate. 

3. Any change of climate involving the fatigue of travel is contra- 
indicated in acute cases with fever or haemorrhage, or in very far- 
advanced and markedly debilitated cases. Absolute bed-rest is the one 
essential here. 

4. No patient should be sent away in search of climate who cannot 
afford to stay the reasonably to-be-expected time and to have the neces- 
sary food, lodging and care. 

5. Competent medical advice and supervision are essential. 

6. One of the most valuable assets of change is the education of the 
patient. This may, of course, be obtained in a suitable environment 
without reference to climate, as in a sanatorium near home. 

7. Selection of a suitable locality is an individual problem for every 
patient, depending upon his temperament, tastes and individual reaction 
to environment, as well as the character of his disease. The advising 
physician should have an appreciation of these as well as a knowledge of 
the particular environment to which the patient is being sent. Content- 
ment and reasonable comfort are essential. 

8. There is no universally ideal climate. For each patient there may 
well be a most favorable environment if we are wise enough to find it. 

9. There is a reasonable amount of evidence that certain medical types 
of cases are more favorably influenced by certain conditions of climate, 
everything else being equal. For example, reasonably cold, dry, variable 
climate, such as is found in the mountains, for young or vigorous consti- 
tutions which will react well. Dry, sunny climates for laryngeal cases 
and those with marked catarrhal secretions. Equable mild climates at 
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low altitudes for the elderly and those of nervous temperaments, as well 
as for those with arteriosclerosis, weak hearts or marked tendency to 
dyspnoea. 

10. Successful selection of climate and environment for cases of tuber- 
culosis requires wide knowledge of human nature, of places and of the 
disease. This can only be acquired by patience, skill and experience. 

Unfortunately, here as in other phases of medical practice, ‘“Know- 
ledge comes but wisdom lingers.” 
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INDICATIONS FOR THORACOPLASTY! 


KARL FISCHEL 


If we compare the treatment of pulmonary tuberculosis as it has de- 
veloped during the past fifty years with therapeutic tendencies which can 
be observed in the treatment of other diseases, we are impressed with two 
amazing facts. One is the relative indifference toward tuberculous 
infection, and the other a reluctance to apply more active and radical 
measures in the treatment of pulmonary tuberculosis. 

The teachings of our research workers have so far failed to lead to a 
broad conception of tuberculotherapy. It is certainly surprising that in 
this age of focal infection latent tuberculous infection is so often over- 
looked and that the carrier problem in tuberculosis has so far received 
very little attention, while there is a marked tendency to eradicate all 
other infections by systematic and radical treatment. Our way of deal- 
ing with phthisis is dictated by clinical manifestations only and not by 
biological and serological considerations. Still it does not seem logical 
to treat a chronic infectious disease during the active stage only, and 
ignore the presence in the body of the infecting agent before and after 
that period. If syphilis were treated only when the Wassermann test is 
strongly positive the results would be as disappointing as our results in 
the treatment of late pulmonary tuberculosis. 

But even then, when all our endeavors to check the destructive proc- 
ess in the lungs have failed, the majority of tuberculosis specialists 
are not inclined to abandon conservative treatment and apply surgical 
measures, bearing perhaps in mind the good old rule to refrain from 
surgery in pulmonary tuberculosis. The good results obtained by 
artificial-pneumothorax treatment, however, paved the way for major 
and more radical surgical methods, by which well-selected patients, 
whose prognosis as to cure and long survival would be otherwise hopeless, 
can be not only improved but practically cured. 

It is by no means a coincidence that chest surgery has developed as 
the latest branch of surgery, for it seems that nature made provisions 


1 Read before the Trudeau Society of Los Angeles, California, May 29, 1928. 
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to protect the lungs from surgical interference. Two peculiar features in 
the function of the lungs explain the delayed and slow progress in surgery 
of the lungs. 

The normal function of the lungs depends, in the first place, on patent 
bronchial tubes to assure the free circulation of air, and the lungs are 
therefore supplied with noncollapsible tubes, whereas all the other organs 
possess soft afferent ducts that can be ligated and obliterated if the 
organ is removed. The cartilaginous enclosures in the larger bronchi 
have always been the main obstacle to direct pulmonary surgery, because 
the problem of closing the bronchus, after removal of the lobe which it 
supplies, has not yet been solved satisfactorily. 

The second reason why lung surgery was developed mainly as surgery 
of the ribs and of the pleura is the interdependence between lungs and 
their movement and the bony framework of the chest. The function of 
the lungs, which have no movement of their own, depends entirely on 
changes in size of the chest cavity in which they are enclosed, and on the 
normal function of the ribs. 

Changes in the volume of the lungs are written on the wall of the chest 
and, vice versa, surgery done on the ribs will lead to changes in the lungs. 

The aim of the originators of chest surgery was for these reasons from 
the beginning not so much the anatomical as the functional amputation 
of the diseased lung. Observations, that chronic pulmonary tuberculosis 
brings about a diminution in size of the whole lung caused by scar-forma- 
tion and retraction, led the older chest surgeons to devise operations that 
tend to diminish the thoracic space instead of methods of straight ampu- 
tation. Good observers as they were, they realized that the bony 
framework of the ribs is the main obstacle to sufficient retraction, and 
that, in order to immobilize the lung, the lung must first be mobilized 
from the thoracic skeleton. It was soon found that a certain resistance 
of the thoracic wall is necessary for normal respiration, and the radical 
methods of Schede and Friedrich, the total removal of the ribs, were 
for this reason soon discarded. The bony framework can be compared 
to prison bars, through which it is necessary to cut in order to gain 
freedom of retraction for the imprisoned lungs, and the removal of 
sections of ribs is common to all extrapleural thoracoplastic operations. 
This is one of four ways in which a retraction of the lung from the chest- 
wall and collapse of the lung can be effected. Three other ways, leading 
to the same goal, have been tried with more or less success. Artificial 
pneumothorax compresses the lung by introducing air between the two 
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layers of the pleura. Another type of operation, extrapleural pneu- 
molysis, aims at the detachment of the parietal pleura from the ribs, and 
at producing pressure on the lung and collapse of it by the introduction 
of various substances, such as paraffine or fat, between the ribs and the 
pleura. So far, a suitable substance, with which to pack the extrapleural 
cavity, has not been obtained, and the results have therefore not been 
satisfactory. The fourth and last way to reduce the thoracic cavity is 
by phrenicotomy, which reduces the lung volume, however, in the vertical 
diameter only. It has certain indications in basal affections, and is used 
as a supplement to incomplete artificial pneumothorax and as a test 
operation for the better side preliminary to thoracoplasty. 

The first rib resections were done at the site of the lesion (Bier), until 
Turban pointed out that it is not necessary to mobilize the thoracic 
wall at the diseased site, and that rib resection at any location will be fol- 
lowed by pulmonary retraction. At that time the excellent results 
obtained by artificial-pneumothorax treatment, which aims at compres- 
sion and rest of the diseased lung, demonstrated the necessity of adding 
actual compression of the diseased lung to the passive and slow process 
of retraction. Compression cannot be obtained without a sufficient 
reduction in size of the thoracic cavity, and it was therefore necessary 
either to remove larger portions of the ribs or make the resection at the 
site where it will result in a maximum of reduction of the thoracic volume. 
Wilms’s columnar resection of portions of the first seven ribs in the 
region of the costal angles proved insufficient, and Sauerbruch’s classical 
posterior paravertebral thoracoplasty is now accepted as the best and 
by far the most suitable method, because it gives the maximum of 
compression and reduces the thoracic space more than any other method. 

Sauerbruch’s operation takes the mechanism of respiration more into 
consideration than any other procedure. In the first place, segments of 
ribs are resected paravertebrally near the axis upon which the ribs rotate. 
Under normal conditions the movements of the lungs are passive, and 
depend on the changes of shape of the closed thoracic cavity in which they 
are contained. The vertical diameter of the chest is increased by the 
contraction and consequent descent of the diaphragm; phrenicotomy will 
therefore be mostly useful by limiting changes in the vertical diameter 
of the chest during inspiration. The increase in the lateral and antero- 
posterior of the chest is effected by the raising of the ribs, which rotate 
upon two axes, one corresponding with a line drawn through the two 
articulations which the ribs form with the spine and the other with a line 
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drawn from one of them to the sternum. It is obvious that a removal of 
a segment near the first axis will result in suppressing the movement of 
the ribs more completely than an extirpation of segments of the same 
length near the angleor nearthesternalend. And, furthermore, the ribs, 
without the support of the spine, will fall further in with their anterior 
ends, and reduce the lung volume more than if the resection were done 
anteriorly. 

The second very important factor of why Sauerbruch’s method is so 
useful in reducing the capacity of the chest is the fact that the first rib is 
included in the ribs to be shortened by resection. 

The first rib is distinguished from all other true ribs in two respects. 
The cartilage of the first rib is almost always directly united with the 
sternum and forms with the sternum a synarthrodial joint, whereas the 
other ribs have arthrodial articulations with the sternum. Furthermore, 
the axis, upon which the gliding movement in all other costosternal 
articulations occurs, runs in an expiratory sense, that is from above an- 
teriorly to below posteriorly, and only the cartilage of the first rib is 
curved in the opposite way, that is in a spiral plane upon an axis running 
above posteriorly to below anteriorly, and consequently the function of 
the first rib differs radically from that of all other ribs. The first rib is 
the most powerful factor in the normal function of the whole chest. 
During inspiration it lifts the other ribs; during expiration it springs 
back, due to the absence of an articulation and to the elasticity of its 
cartilage. It is evident that a retraction and collapse of the apices is 
not possible with an intact first rib, and that the functional activity of 
the apical parts cannot be suppressed unless parts of the first rib are 
removed, with segments of the other ribs. 


GENERAL CONSIDERATIONS 


Thoracoplasty deprives suddenly one whole lung of its functional 
activity, and affects the healthy parts as well as the diseased areas. Since 
this operation has the effect of a functional amputation, the principle 
of surgery, to save healthy tissues as much as possible, will require the 
presence of a sufficiently large lesion, before we will consider thoraco- 
plasty with the resulting functional loss of the whole side. No surgeon 
would amputate above the knee for gangrene of the toes and, similarly, 
with a small involvement of one lung a more conservative treatment is 
indicated and the radical surgical measure is hardly justified. The more 
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extensive the lesion on the compressed side is, the smaller is the amount of 
normal lung tissue affected by the operation, and the better will the 
functional deficit be compensated by the increased activity of the better 
side. 

Next to the extent of the lesion must its duration be taken into account. 
All authors with experience in thoracoplasty agree that acute cases or 
cases with disease of short duration are not suitable for rib resection, 
which should be reserved for the indicated chronic cases, of which 
Archibald gives so good a description. There are various reasons why 
acute or subacute cases, with disease of recent origin, should be excluded 
from surgery. In the first place, the results of conservative treatment of 
pulmonary tuberculosis, especially in the earlier stages, are such that 
the patient should have had the benefit of dietetic-hygienic cure before 
he can be considered for an operative procedure. While the operation 
should not be deferred until it is the last resort, it is equally contraindi- 
cated at too early a stage of the disease, that is, before a tendency to 
retraction is demonstrated, or, in other words, operation is contraindi- 
cated in the stage of defense, and should be attempted when the stage of 
repair has been reached. There should be some evidence of natural 
repair, of formation and changes in the tuberculous tissues, as a conse- 
quence of the mechanical defense of the body against the infecting agent, 
evidence of walling off of lesions by fibrosis and retraction, evidence of 
absorption of exudates and disposal of destroyed tissues. Changes will 
take place, which will greatly facilitate the readjustment necessary after 
the operation; the heart and other lung will have had time to adapt 
themselves to the diminution of the breathing space and will be ready 
for increased compensatory function, and, above all, retraction in differ- 
ent parts of the chest, thickening of the pleura, displacement and fixation 
of the thoracic viscera, will have developed, which indicate the necessary 
tendency to fibrosis that can be intensified by thoracoplasty. 

It is obvious that complete collapse and complete functional rest for 
the diseased lung cannot be obtained if any of the wall of the hemithorax 
is movable. Thoracoplasty acts upon the chest-wall, whereas phre- 
nicotomy immobilizes the floor. We know, however, of no means to 
make resistant the mediastinum, whose importance in thoracoplasty and 
pneumothorax is often overlooked, unless it is fixed by adhesions. With- 
out a resistance of the mediastinum, collapse can be effected in the vertical 
and anteroposterior diameter only, whereas pressure in the horizontal 
direction is apt to result in the displacement of thick-walled cavities and 


ral of 
nt of 
same 
ribs, 
erlor 
done 
is so 
ib is 
ects. 
the 
s the 
10re, 
> an- 
ib is 
ning 
of 
ib is 
est. 
ings 
f its ( 
es is 
y of 
are 
onal 
ince 
iple 
the 
aco- 
reon 
irly, 
t is 
ore 


556 KARL FISCHEL 


dense infiltrations toward the better side. Still more important than 
the mechanical is the functional factor of a stabilized mediastinum. 
Under normal conditions, that is, with an equal expansion of both lungs, 
the intrapulmonary pressure will be the same in both lungs, and the 
mediastinum, even if it is movable, will be held in the middle position. 
If, for some reason, the expansion of one side is decreased, the flow of air 
into and out of this side will be diminished in proportion to its diminished 
capacity, provided that the mediastinum is held in its position by ad- 
hesions. If, on the other hand, the septum between the two sides of the 
chest is movable, the intrapulmonary pressure on the good side will be 
lower during inspiration and higher during expiration, and the mediasti- 
num will be pushed toward the affected side during the first and pulled 
toward the good side during the latter phase of expiration. 

This phenomenon, so called paradoxical breathing or mediastinal 
flutter, manifests itself after thoracoplasty by an inspiratory sinking in 
of the side of the chest from which the ribs have been removed and by 
an expiratory blowing out of the same structure. It is even in its milder 
degrees very annoying to the patients, and is then frequently one of the 
causes of postoperative dyspnoea. In severe cases it has a serious affect 
on circulation and blood-aeration, leading to an exchange of air between 
the two lungs and aspiration of infectious material and spreading of the 
infection to the good side. Paradoxical movement, not only of the 
mediastinum, but of the diaphragm also, is sometimes observed in arti- 
fical pneumothorax. According to Parfitt the swaying of the mediasti- 
num in pneumothorax is expiratory and in the direction of the functioning 
lung. Conditions essential to the production of these balance move- 
ments are, according to Baryon, absolute inertia of the mediastinum and 
of the diaphragm with absence of adhesions, complete suppression of the 
respiratory function of one side, and (in pneumothorax) maintenance of 
a moderately positive pressure. The frequency, degrees and direction 
of the swaying of the mediastinum depend on differences of the intra- 
pulmonary pressure in both lungs and mobility of the mediastinum, and 
for this reason the phenomenon will be less frequent, or absent, in chronic 
cases with fixation or displacement of the mediastinum. Even an ex- 
treme displacement of the thoracic viscera toward the affected side, which 
leads to cardiac disturbances, is favorable and no contraindication to the 
operation, which, on the contrary, affords great relief by pushing the 
heart and the great blood-vessels back to a more normal position 
(Sauerbruch). 
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Thoracoplasty, with its sudden effect on respiration and circulation, 
is always a grave operation, even if the patient is considered a good sur- 
gical risk. While there is unfortunately, no means of foreseeing events 
or of making predictions as to how the patient will tolerate the operation, 
a proper selection of suitable cases will help to prevent some of the post- 
operative complications and to reduce the mortality, which, within the 
first few most critical weeks, is still high. Fever, cough, dyspnoea, and 
rapid pulse and palpitation are usually observed during the first week, and 
present a syndrome which is the combined effect of shock, pulmonary and 
cardiac embarrassment, and increased absorption of toxins. With the 
existing interdependence of respiration and pulmonary circulation any 
decompensation of the heart will lead to increased pulmonary inflation, 
which again will be accompanied by an increase in resistance to the 
blood-flow in the pulmonary circulation. The extensive involvement 
of one side taxes the right heart and the other lung to some extent by a 
gradual increase of the resistance in the pulmonary circulation and the 
diminution of the alveolar space. The operative compression makes 
further sudden demands upon both circulation and respiration, and causes 
an acute state of pulmonary and cardiac insufficiency, and only an in- 
creased compensatory activity of both heart and lungs can overcome this 
dangerous situation. The cardiopulmonary reaction will be milder if 
the compression is done in two or three stages, if the lesion on the com- 
pressed side was extensive and showed evidence of marked fibrosis, so that 
the functional value of this side before operation was small or nil, and 
if the heart and the contralateral side are in good condition and have 
enough reserve power to compensate for the deficit. 

While the postoperative reaction is mainly cardiopulmonary, other 
contributory factors may at times play an important réle, such as medias- 
tinal flutter, sputum retention, and aspiration pneumonia, and the toxin- 
crisis, due to increased absorption of toxins squeezed into the lymph- 
stream by the operative compression. The febrile reaction, which is 
sometimes accompanied by skin eruptions, resembles a true tuberculin 
reaction, and is probably due to “autotuberculinization,” as it can be 
observed in active cases after strenuous exercise, or after sun-exposure, 
or X-ray irradiation. The toxin-crisis will be mild or absent in chronic 
cases with a good amount of intrapulmonary fibrosis, and it will be sharp 
in diseases of recent origin and with the presence of an exudative focus. 

It will be seen that the risks of the operation are indefinitely greater 
if performed at too early a period. As a cataract must be mature before 
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it is removed, so pulmonary tuberculosis must reach the stage where 
nature’s attempt to heal is evidenced by extensive fibrosis and fixation 
of the thoracic organs. 


INDICATIONS FOR THORACOPLASTY 


Since thoracoplasty is the most radical operation, it is used either as 
supplementary to more conservative procedures, such as phrenicotomy or 
artificial pneumothorax, or as the operation of choice in selected cases of 
pulmonary tuberculosis and certain complications, such as spontaneous 
pneumothorax, bronchial fistulae and empyema. Generally speaking, 
thoracoplasty is indicated in cases of chronic pulmonary tuberculosis of 
fairly long standing with an extensive predominantly unilateral lesion of 
fibrocaseous ulcerative type, with clinical and X-ray evidence of develop- 
ment of connective tissue and manifestations of retraction. Acute and 
subacute forms do not come within the operative indication, and should 
not be attempted. Exudative lesions should be excluded, especially 
caseous pneumonia and bronchopneumonic foci without fibrotic changes. 
In exudative lesions, without any tendency to healing, compression is 
not advisable and not possible. Whenever exudation predominates 
functional rest alone is indicated, and may be induced by phrenicotomy 
if the lesion is basally located. Marked constitutional symptoms, such 
as high fever, dyspnoea, cyanosis and rapid pulse, represent a formal 
contraindication. The general condition of the patient must also be 
taken into account. He must still be in good condition, have a well- 
functioning heart, and must meet the requirements of a good surgical 
risk as to blood-pressure, haemoglobin, red and white blood-counts, and 
coagulation time. Since thoracoplasty, compared to pneumothorax, is 
a more radical measure which cannot be undone if once performed, any 
damage caused by reactivation of apparently inactive lesions on the 
opposite side will be permanent, and consequently the contraindications, 
on account of the better side, must be stricter than in pneumothorax. 
Fibrotic lesions on the contralateral side, if they are clinically inactive 
and not too extensive, do not represent contraindications. With exuda- 
tive, even though small, lesions of the opposite side, thoracoplasty should 
not be attempted. Extensive fibrotic changes in the better side require 
good judgment and great experience on the part of the physician who 
has to assume the great responsibility of advising for or against operation. 
The more extensive the lesion is, the more difficult will be its adaptation 
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for compensatory function and the greater will be the danger of activa- 
tion. It is wise in doubtful cases to test the adaptability of the other 
side by phrenicotomy first, which reduces the volume of the diseased 
side by one-quarter, before approaching the drastic and irreparable 
thoracoplasty. 

The classical contraindications are extensive tuberculosis in other 
organs, extreme youth or age, and cardiac and renal disease and diabetes. 
While some authors are inclined to be lenient with chronic intestinal or 
laryngeal tuberculosis, and do not consider an obviously mild and chronic 
involvement of the larynx and intestines as a contraindication if the 
patient is in good condition, the majority of writers enumerate specific 
lesions in other organs among the conditions in which the operation 
should not be attempted. Multiple tuberculosis in other organs reduces 
the chances of recovery for the patient materially, with or without 
operation, and it seems preferable to refrain in these cases from surgery, 
which is apt to activate extrapulmonary lesions. The ages 12 to 15 and 
45 to 50 are usually quoted as age-limits. Extreme youth and age are 
contraindications for widely different reasons. In tuberculosis of the 
child and adolescence the exudative nature of the lesion, and the absence 
of fibrosis and retraction, necessitate conservative methods, whereas in 
the age-period above 45 exclusion from severe surgical measures is based 
upon considerations of the surgical risk. 

The condition of the heart is one of the most important factors, because 
insufficiency in the circulatory system is quite often the cause of operative 
failure. The sudden compression of one lung taxes the right heart enor- 
mously, not only on account of the increased resistance in the pulmonary 
circulation, but also because the aspiration of the heart is rendered 
difficult. The postoperative situation for heart and lung is as acute and 
difficult as in pneumonia during the stage of engorgement, and in thora- 
coplasty, as in lobar pneumonia, the condition of the heart is one of the 
main factors decisive in success or failure of the operation. The heart 
must, for this reason, be healthy, and must have adaptability and reserve- 
power for increased function. 

Myocarditis and valvular lesions represent, therefore, the most formal 
contraindications. It is likewise futile to operate when renal disease 
or diabetes is present, unless the latter shows long remissions, and when 
the diazo reaction is positive. 
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PNEUMOTHORAX AND THORACOPLASTY 


Thoracoplasty is most frequently used after more conservative pro- 
cedures have been tried unsuccessfully. The hygienic-dietetic cure, 
artificial pneumothorax or phrenicotomy must have been tried and have 
failed, before thoracoplasty can be considered. A pneumothorax, which 
is not realizable, will in many cases bring up the question of thoracoplasty, 
but the latter operation should invariably be preceded by attempts to 
induce pneumothorax, not only because it is the preferable procedure, 
but also because even a partial compression by air will give as valuable 
information about the condition of the better side, and will furthermore 
prepare the lungs, heart and pleura for the more severe procedure. 

It has been claimed by Archibald and others that unsuccessful attempts 
to induce pneumothorax should without delay be followed by thoraco- 
plasty. While the chance for a life-saving operation should not be missed 
by unjustified delay, it may be pointed out that the indications for 
pneumothorax and thoracoplasty are similar but not by any means 
identical. They differ in two important respects. Pleural thickening 
and adhesions, retractions of the chest-wall and displacement of the 
thoracic organs are favorable and welcome in patients who are under 
consideration for rib-resection, while contraindicating artificial pneu- 
mothorax. They are the main reasons why air compression cannot be 
realized or must be abandoned, and are quite often the consequence of 
repeated refills; on the other hand, a thickened pleura and broad adhe- 
sions greatly reduce the risks of the major operation. Generally 
speaking, cases with pronounced fibrosis in and around the pleura are 
suitable for thoracoplasty, whereas in the group of patients in whom 
changes on the pleura are absent pneumothorax is indicated. Now, 
fibrotic changes in the pleural layers go hand in hand with fibrosis in 
the interstitial tissues of the lung (Kaufman), and it would therefore 
seem that pneumothorax is applicable at an earlier stage of the disease 
and thoracoplasty at the later period, when plastic changes in and 
near the pleura are noticeable. Kaufman’s observation that aseptic 
irritation of the pleura causes fibrotic changes, not only in the pleural 
layers, but also in the lungs, and the fact that repeated refills lead to 
thickening of the pleura and to formation of adhesions, raise the practical 
question of whether it is not feasible to induce adhesions of the pleural 
leaves systematically by repeated punctures of the pleura in patients who 
are to be subjected to rib-resection. 
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The second difference in the respective indications for the two proce- 
dures concerns the contralateral side. With a moderate amount of | 
disease on the better side pneumothorax is preferable, because we have ; 
dosage and duration of the compression under control, and can use a a 
selective pneumothorax or a compression of both sides alternately or 
simultaneously, as the case demands. Thoracoplasty does not, as 
Dumarest says, offer the resource of beating a retreat, if unsuccessful. 
Thoracoplasty is liable to cause reactivation of apparently inactive 
lesions more frequently than pneumothorax, and offers no means of 
relieving the better side from increased activity. It will be seen that 
thoracoplasty has fewer indications or rather more contraindications, 
and is applicable later than pneumothorax in a well-defined group of 
patients. 
Thoracoplasty, being indicated in chronic cases, gives the physicians 
ample time to make careful study by repeated examination, observation 
and serial X-ray films. There is, however, one condition which raises 
forcibly and very acutely the question of major surgical interference and 
necessitates a quick decision and action; this is spontaneous pneumo- 
thorax, complicating or without artificial pneumothorax. Perforations 
of the visceral pleura, if they are not closed completely by the compres- 
sion of the spontaneous pneumothorax, have a tendency to persist and 
to infect the pleural cavity. Bronchial fistulae, when treated sympto- 
matically, show an excessively high mortality, which can be reduced 
only if we succeed in closing the tear. The rationale of rib-resection in 
these cases is somewhat reversed, aiming neither at retraction nor com- 
pression of the lung, but at diminution of the pleural cavity and at re- 
establishing the contact of the ribs with the retracted and collapsed lung. 
This can be effected, if there is no displacement of the mediastinum and 
of the heart toward the good side. If the mediastinum and the thoracic 
organs are movable, with encroachment on the respiratory function of 
the other side, the situation is hopeless and cannot be remedied by ' 
rib-resection. 


CONCLUSIONS 


With the present perfection of operative technique a further reduction 
of the mortality after thoracoplasty can be expected only from a better 
selection of proper cases. The operation has been used as a last resort 
in too many hopeless cases; on the other hand, suitable cases that could 
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be saved, are frequently not subjected to surgery. Better results wil] 
be obtained if the selection of cases is being improved, not only by exclud- 
ing unsuitable patients from thoracoplasty, but also by making better 
and more frequent use of this valuable operation in proper cases. The 
selection of cases has to take into account not only the pathologico- 
anatomical nature of the tuberculous lesion, but also the physiology 
and pathology of respiration and circulation. A well-characterized type 
of chronic pulmonary tuberculosis can thus be defined, in which thora- 
coplasty as a life-saving procedure is indicated and should be applied. 
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PARENTERAL QUININE THERAPY 


WITH OBSERVATIONS ON ITS EFFECT IN PULMONARY 
TUBERCULOSIS! 


HARLAN F. NEWTON? anp KURT HEINE’ 


The introduction of quinine derivatives by Morgenroth (1) marked an 
advance in the chemotherapy of pulmonary infectious diseases. Many 
attempts have been made to create a quinine compound suitable for 
parenteral administration. Quinine, when injected intravenously or 
intramuscularly, is distributed in the body in quite a different way than “4 
when absorbed through the intestines (3). The intramuscular deposits of 
formed by the injections raise the quinine level in the blood to a much 
greater extent than after ingestion of the alkaloid. For in the latter case 
part of the quinine is destroyed on its passage through the liver before 
it is carried into the general circulation (3). Until 1919-1920 reported 
clinical and experimental experiences with quinine injected intramuscu- 
larly or intravenously were not encouraging. Marked pain, redness, 
brawny swelling, and often local tissue necroses and deep abscesses were 
observed. Cantile and Moubarak (22) characterized intravenous qui- 
nine therapy as “less barbarous than intramuscular injections,” and 
Millrous (23) emphasized the great pain with intramuscular quinine 
administration. Intravenous therapy was also not satisfactory. Fres- 
sel (7), using a standard quinine-urethane preparation intravenously on 
three hundred obstetrical cases in this clinic, observed in the region of 
the injected vein marked swelling, redness, ecchymosis, severe pain, and 
extensive local tissue necrosis (see figure 1). The cause of these deleteri- 
ous effects with intramuscular and intravenous quinine solutions was 
first clarified by the investigations of Cahn-Bronner (2) (3). He found 
that the sensitiveness to the injection is the greater the further the pH 
concentration of the solution deviates from the pH concentration of the 
tissues. Reaction of the tissues was the greater the more acid the solu- 


1From the Directorial Division (University Medical Clinic) of the Eppendorf General 
Hospital, Hamburg, Germany, Professor L. Brauer, Director. 

* Moseley Travelling Fellow, Harvard Medical School, Boston. 

* Hamburg, Germany. 
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tion of quinine, the tissues being alkaline. Cahn-Bronner’s results were 
confirmed by Gasa and Brandi (8). While hydrochloride quinine solu- 
tions showed a faintly alkaline reaction to litmus they in reality possessed 
an acid reaction. The following table shows the pH concentration of 
different quinine preparations employed therapeutically and their relation 
to the pH concentration of the human tissues. 


Neutral point 
Quinine hydrochloride, 10 per cent, with urethane, 10 per 


Quinine hydrochloride (weakly alkaline to litmus at 86°F.).. 6.6 
Quinine bihydrochloric carbamate, 10 per cent 


Solvochin 
(Examinations made by Dr. W. Hill, Hamburg-Eppendorf.) 


Previously all the commercial preparations had been irritant in pro- 
portion to their degree of concentration, and no concentrated preparation 


of quinine with the alkaline reaction had been available. In the case of 
Solvochin, the first really satisfactory aqueous quinine solution, it was 
possible to adapt the pH concentration very closely to that of the normal 
body tissues. As stated by the manufacturers, Solvochin is a 25 per 
cent aqueous solution of quinine in stable form, noncrystallized in cold, 
and alkaline to litmus, as well as having a pH concentration similar to 
the body tissues. Two cubic centimetres of the preparation contains 
0.5 gm. of quinine. Buergi (9) has shown a heightened quinine effect 
through the employment of antipyrine with Solvochin. This preparation 
produced good results in malaria, particularly inoculation malaria 
(Heuck (10)), acute lobar pneumonia (Boettner (11)), and certain obstet- 
rical conditions (Vogt (12)). Its administration was free from any 
local irritation of the tissues, and practically without unpleasant after- 
effects, which usually follow the administration of quinine in other forms, 
such as dizziness and tinnitus, and it was administered either intrave- 
nously or intramuscularly. It was found necessary in acute lobar 
pneumonia, however, to administer Solvochin frequently and in rather 
large doses, to produce favorable effects. Being an aqueous solution it 
was absorbed and eliminated rapidly. Further, it had practically no 
effect on chronic inflammatory diseases of the lungs or bronchi. 
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The ideal preparation of basic quinine must be one which can be 
isily given intramuscularly, nonirritating, concentrated so that only 
small quantity need be injected, slowly absorbed, and not too rapidly 
iminated if there is to be an effect on chronic pulmonary infections 
rough accumulation of the quinine in the lungs. Such a preparation 
ems to exist in Transpulmin. It isa sterile solution of basic quinine 
ad camphor in ether oils, 1 cc. of Transpulmin containing 0.03 gm. 
nhydrous basic quinine and 0.025 gm. of camphor. One to two cc. 
ay be daily injected intramuscularly, best of all intragluteally, and 
ais treatment continued for three to five weeks. In children the doses 


Fic. 1. ARM AFTER QUININE-URETHANE INTRAVENOUS INJECTION 


Note extensive chemical inflammation and tissue regeneration 


re correspondingly smaller. By the creation of several intramuscular 
(eposits of quinine on different days the content of the drug in the blood 
; Increased by accumulation in the organs, especially the lungs (Cahn- 
‘ronner (2) (3) (4) (5) (6) and Rossius (13)). Here it can be detected 
1 quantities up to eight times as large as, for example, in the liver, and 
can be demonstrated a long time after it has disappeared entirely from 
he blood. Cahn-Bronner (3) (4) also found in experimental animals 
hat quinine in the form of Transpulmin could be recovered in the spu- 
um. Rossius (13) with Prof. Giemsa examined the exudate from two 
cases of permanent bronchial fistula following lobectomy for pulmonary 
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gangrene. (Quinine in no small quantity was found in the exudate after 
seven days of intramuscular administration of 2 cc. Transpulmin daily, 
while no quinine could be chemically detected in the discharge from the 
fistulae previous to treatment. 

Ether oils, following intramuscular injections, are eliminated by way 
of the air-passages, inasmuch as soon after the injection the breath 
exhibits the characteristic aromatic odor of ether oils. These aromatic 
bodies exert an antiphlogistic and antisecretory effect upon the mucous 
membranes of the bronchi and bronchioles (4) (5) (6). The camphor, 
in addition, has the property of promoting profuse hyperaemia in the 
lungs, and thereby intensifying the effect of the quinine and ether oils. 
Nor does the camphor seem to produce harmful effects on the heart o1 
circulatory system. 

With bronchopneumonia complicating influenza and measles or fol- 
lowing operation, many authors report marked diminution of the sputum 
and high fever, and a shortening of the course of the infection with 
Trans pulmin treatment (Cahn-Bronner (5) (6), Alker and Waldmann 
(14), Loercher (15), Ballmann (16), Buttenweiser and Reuter (17)). The 
observed effects however are not convincing upon analysis of their 
cases and graphs. The favorable influences attributed to Trans pulmin 
might also have been produced without the drug by general clinical 
treatment, such as rest, good care, dietetic measures, etc. 

With infections of mixed bacterial aetiology, such as chronic bronchitis, 
asthmatic bronchitis, pulmonary abscess, and bronchiectasis, Transpul- 
min seems to have more striking effects. Cahn-Bronner (5) (6), Rossius 
(13), Hofbauer (18), Radicke (19), Alker and Waldmann (14), Iwanoff 
(20) and Schott (21)) report many such cases, resistant to ordinary medi- 
cal measures, which showed marked diminution of cough and fever, with 
decrease in daily sputum output, the latter often disappearing entirely. 

These results led us to try parenteral quinine therapy in the form of 
Transpulmin on 40 selected cases of known pulmonary tuberculosis, 
uncomplicated by recognizable tuberculous foci elsewhere in the body. 
Our patients were, by history, physical, and roentgen examination, 
divided into four groups, namely, exudative, productive, cavernous, or 
cirrhotic. This classification is a well-recognized one and based upon 
the character and severity of the infection, the local and general resistance 
of the individual, and the type of pathological lesion produced in the 
lungs. Haematogenous, rapidly spreading, hilar or alveolar exudative 
types of tuberculosis producing scanty exudate, as seen often in young 
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adults with no resistance to the infection, were not suitable for this 
investigation. The cavernous type was also excluded from our series. 
Medicinal therapy cannot be expected to produce observable benefits 
in these cases. For here, ordinary tuberculosis hygiene, with pneumo- 
thorax and compression therapy, produce, by collapse of the lung, expul- 
sion of exudate in the cavities, and a greater tendency to healing, and 
the diseased organ is placed at complete rest. The selected cases were 
therefore of the productive or cirrhotic types or combinations of both. 
Here the infection, in contrast to the exudative and cavernous forms, 
advances more slowly. The exudate of inflammatory cells and necrotic 
substances produced is not so abundant, and is more easily expelled 
than is the case with stagnant cavities of varying size. Particularly 
characteristic is the production of protective granulation-tissue about 
the foci of infection. All the patients had remained at rest in bed for at 
least one to two months. During this time routine sanatorium treat- 
ment was carried out, so that each patient had established a clinical 
“level” of improvement. Transpulmin was then given intragluteally, 
2 cc. daily for three to five weeks. None of the patients experienced any 
local pain or irritation from the injections. Nor did the therapy cause 
any diminution of appetite, gastrointestinal disturbances, insomnia, 
dizziness, headache, or ringing in the ears. Many patients remarked 
upon the pleasing aromatic odor of their breath in the course of treat- 
ment, due to eliminated ether oils. 

In 28 patients, all chiefly productive cases of pulmonary tuberculosis, 
Transpulmin seemed to produce favorable effects. The maximum daily 
temperature showed a steady decline of 2°F. in twelve to fourteen days, 
the patients often becoming afebrile. Irritating unproductive cough, 
present in more than two-thirds of the patients, was relieved in thirteen 
to sixteen days. Previous to Transpulmin administration the average 
daily sputum output of each patient was 30 cc. For five to eight days 
after treatment the amount of sputum increased slightly, and then 
showed a steady decline. At the end of four to five weeks there was no 
appreciable expectoration, and all but two patients were “‘bacillus- 
free.” There were no intercurrent respiratory infections observed 
during the treatment of five weeks, such as colds. and bronchitis, al- 
though untreated patients in the same wards were not so fortunate... No 
patients lost weight, and the average gain was 7.5 pounds. Of great 
importance was the decrease of physical signs on frequent examination 
of the chest, proportional to the decrease in temperature and sputum 
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output. Roentgen examination, at the end of five weeks, also showed 
improvement proportional to the severity of the preéxisting tuberculosis. 
We feel justified in concluding that parenteral quinine therapy (Transpul- 
min) caused no ill effects and seemed influential in preventing intercur- 
rent infections, as well as favorably influencing the inactivation of these 
cases of productive pulmonary tuberculosis. 

The other 12 patients in our investigation showed a productive cirrho- 
tic type of lesion, with slight elevation of temperature and daily expectora- 
tion of about 15 cc. Here treatment with Old Tuberculin was given 
with Transpulmin, after the latter therapy alone for three weeks had 
shown little or no effect. The tuberculin was given every fourth day, 
intracutaneously, beginning with 0.2-0.4 cc. of a 1-0.000,01 solution, 
and increasing the amount and strength of the tuberculin with the 
_ injections. Transpulmin treatment was the same, that is, 2 cc. daily 
intragluteally. Coincidently, tuberculin therapy alone was given to 
12 patients, all having, as nearly as possible, the same type of pulmonary 
tuberculosis. Tuberculin combined with Transpulmin definitely caused 
a more rapid improvement than when tuberculin alone was given. This 
was shown by an afebrile temperature, and the sputum becoming in 
all cases “bacilli-free’”’ and very scanty, a gain in weight, and active signs 
in the chest diminishing. 

In two cases of chronic tuberculous pleuritis with effusion we also 
administered quinine parenterally. The patients had an exudative- 
productive form of pulmonary tuberculosis with a nonsecondarily in- 
fected, clear effusion of eight and ten weeks’ duration respectively. 
Thoracentesis had been performed weekly, when the fluid was of such 
amount as to cause disturbing pressure on the heart and mediastinum, 
an average amount of 950 cc. being withdrawn. Here we wished to 
ascertain if, after intravenous administration of 5 gm. of quinine over a 
period of ten days, it was possible to recover quinine in the pleural 
fluid. Solvochin, 2 cc. of which contains 0.5 gm. of quinine, was selected 
for this purpose. This amount of the drug was daily injected very 
slowly and no disturbing effects were observed. At the end of five and 
ten days, respectively, fluid was withdrawn and examined quantitatively. 
It was impossible to demonstrate any quinine in the pleural fluids. 
Further control tests with the exudate were made. To 100-cc. amounts 
of the effusion were added very small amounts of quinine muriate. 
Only when 1 mgm. of quinine was added to 100 cc. of pleural fluid was it 
possible to produce a positive chemical reaction for quinine. (We are 
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indebted to Dr. W. Hill and Prof. Giemsa for making these tests.) We 
may therefore conclude that quinine administered parenterally in large 
amounts is not excreted in clear pleural effusions complicating pulmonary 
tuberculosis. 
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WHAT IS CLINICAL TUBERCULOSIS?! 
F, M. POTTENGER 


NATURE OF CHRONIC TUBERCULOSIS 


The common response to the question What is clinical tuberculosis? 
would probably be Tuberculosis in the active stage. ‘This response, while 
correct as far as it goes, is directed to only one particular phase of the 
question, and leaves the most important part of the query, namely, 
What is it that causes the phenomena which make up the picture of active 
tuberculosis, unanswered. 

Medical men are more apt to think in terms of acute than in terms of 
chronic infections; so it is necessary to inquire into the causes of the 
difference between these two types of disease if we are to understand 
tuberculosis. 

Acute infections, such as measles, whooping-cough, diphtheria and 
smallpox, as a rule, give only one phase of activity during the life of an 
individual. The causative microdrganism enters the body, produces 
infection which stimulates the immunity mechanism of the host, and the 
conflict as far as that individual is concerned is fought out then and there. 
If the immunity mechanism is competent, the causative microdrganism 
is destroyed, the individual is the victor, and, except in rare instances, 
he is thereafter protected against further disease caused by that par- 
ticular microérganism. 

Tuberculosis, unlike acute infections, is caused by a germ which is 
protected against the defensive bodily forces by a waxy substance, 
which not only furnishes it with a defensive envelope but also permeates 
its body, thereby making it exceedingly resistant to both humoral and 
cellular defense on the part of the host. It becomes buried and in- 
carcerated in the tissues instead of being destroyed; consequently, once 
infected may mean and probably does mean in most instances, always 
infected. Always infected, however, must not be confused with the 
idea of always suffering from tuberculous disease, for the two conditions 
are entirely different. 


1 Read before the Wichita Medical Society, Wichita, Kansas, May 14, 1928. 
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The phenomena attendant upon an acute infection are those of (1) 
reception of the causative germs, (2) their multiplication, (3) stimulation 
of the immunity mechanism of the host, and (4) the death, or recovery 
of the host with a resultant lasting immunity if the immunity response is 
competent to cope with the infection. The phenomena attendant upon a 
tuberculous disease, on the other hand, are different. Tuberculosis 
is not a single episode of infection, bodily reaction, immunity and healing, 
or failure of immunity and death, but a succession of inoculations met 
by a succession of responses until clinical healing or death occurs. These 
episodes may be repeated at frequent intervals or be stretched out over 
months and years. One important cause of difference is the inability 
of the host to rid himself of the infecting tubercle bacilli, and to develop 
anything more than a relative immunity. Another factor is that the 
competence of this immunity fluctuates. 

Because of this failure of the host to produce a lasting stable immunity 
and completely to overcome his infection and rid his body of bacilli, 
when once infected, he remains a potential subject for future tuberculous 
disease. Not only is he a potential subject for future disease, but he 
contains within his own body viable bacilli incarcerated by a wall of 
tissue cells, which may, under the stresses of life in which the host lives, 
weaken and break down, setting the bacilli free to produce further 
disease. 

We have learned that many of the first lesions, which consist of not 
only the primary lung focus, but the regional lymph nodes which are 
always infected, the two making up what we call the primary complex, 
heal completely; and later examinations fail to show them to contain 
viable bacilli. There are a great number of primary complexes, however, 
which do not heal. The number is variously estimated at from one-third 
to one-half of all primary inoculations. Another fact which must always 
be borne in mind is that, no matter whether they heal or not, a full 
immunity is never established. So we must expect the partial immunity 
which is established by a primary focus, caused by few bacilli, to be rela- 
tively low, and to be particularly low if the focus healed promptly with 
only small amounts of tuberculoprotein having gained access to the 
circulating body fluids. Such a host would in all probability, after a 
brief time, be a fit subject for further successful reinoculations with 
relatively few bacilli. If, on the other hand, the host has overcome a 
primary inoculation caused by relatively large numbers of bacilli or 
several inoculations, the resulting immunity is correspondingly greater 
and able to afford greater protection. 
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Tuberculin sensitiveness, as we find it in those who have been pre- 
viously infected and which can be in a manner taken as a measure of the 
patient’s specific defense, is not stable, but oscillates, now being stronger 
and now weaker, according to many conditions which affect the host. 
In this way we find that a soil, which has been made relatively resistant 
to tubercle bacilli, now and then loses its resistance. This weakening of 
specific resistance may come coincidently with forces which break down 
the cellular walls surrounding foci containing viable bacilli, setting them 
free to spread and to infect new tissue. There are many times in the 
life of the infected, when reinoculations may occur, and-many times when 
those who are not already protected by a primary focus may become 
infected. 

A few children die of their first infection before specific resistance 
has been established, but most of them survive this and many secure a 
permanent healing. A failure to heal occurs when such a localization as 
that in the meninges takes place, or when the disease spreads at once, 
before the child’s specific protective forces can be mustered, or when 
there is a failure to react on the part of the host for some other cause. 

However, tuberculosis, as we meet it most commonly, and particularly 
in the adult, is a succession of the episodes which make up the picture of 
acute infection, plus the particular modifications which are injected 
by the fact that the infection takes place in a host whose tissues already 
have been endowed with the power to specifically defend him against 
the invasion of tubercle bacilli. A particular factor in this new power 
conferred upon the cells is that of quick response with inflammatory and 
exudative reaction. 

Active clinical tuberculosis is likely to be a succession of reinoculations 
with immunity responses. The exception to this is when the disease 
heals at once, after reinoculation occurs, which is the thing most desired 
but not regularly attained. 

The prognosis in tuberculosis is bound up closely with these reinocula- 
tions. The frequency with which they occur, the numbers and virulence 
of the bacilli causing them, and the reacting power (resistance) of the 
patient at the time the reinoculation takes place, are three factors which 
largely determine the course of the disease. 

It is necessary to acquaint one’s self with the intimate nature of the 
interplay between bacilli and tissue cells in order to understand the 
disease tuberculosis. This understanding may be obtained best by 
comparing the reactions which take place in experimental animals with 
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those which occur in the patient during the course of chronic active 
tuberculosis, provided one always bears in mind the inherent differences h 
between the very susceptible animal and the relatively resistant man. 


EFFECTS OF IMMUNOLOGICAL RESPONSE 


The immunity mechanism is set in motion by an infection produced 
by living tubercle bacilli, to a lesser degree by dead bacilli, and possibly 
to a minimal extent by tuberculoprotein (tuberculin) Koch (1), Stewart 
(2), Petroff (3), Baldwin, Petroff and Gardner (4); but for an efficient 
protective response living bacilli are necessary for the primary inocula- 
tion. After the mechanism has been set in motion and immunity has 4 
once been established, however, then either living bacilli, dead bacilli, 1 
or tuberculoprotein will stimulate it further and increase its efficiency 
Koch (1), Pottenger (5) (6). 

While there is still much unknown about the immunity reaction in 
tuberculosis, there are several unquestioned effects whose relationship 
to the protection of the individual against his disease are evident. These 
effects are so definite in the animal or person who has been previously 
inoculated that we are warranted in speaking of all such as immunes; 
meaning, of course, not that they are completely resistant to bacillary 
invasion but that they possess a relatively greater resistance than those 
who have not been previously infected, 

Immunes, as compared with the noninfected, show the following ie 
important phenomena: (1) a quickened and increased power to destroy i 
invading tubercle bacilli; (2) an immediate, inflammatory response a 
which tends to confine the invading bacilli at the point where they lodge i 
in the tissues; and (3) a secondary inflammatory and exudative response i 
in unhealed foci elsewhere in the body, produced by the tuberculoprotein 
which results from the destruction of bacilli at the site of attempted 
implantation, escaping from the focus and circulating in the blood- 
stream, and which, coming in contact with the cells in unhealed tubercles, 
causes a defensive inflammatory reaction to be thrown about them. 
This defensive force destroys many bacilli and exerts a general restrain- 
ing action on others, preventing them from spreading in case they should 
get beyond the walls which have confined them; and, further, stimulates 
the tubercles to healing. 

We shall now attempt to follow out these three specific reactions and 
note their relationship to the phenomena met in the course of clinical 
tuberculosis. 


Na 
et. 
| 
is 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
tig 


574 F. M. POTTENGER 


The Relatively Greater Bactericidal Effects in the Immune: The fact of 
the increased bactericidal effect in the immune animal is quite generally 
accepted. Wolff-Eisner, as well as many other experimenters, has 
spoken of a lytic action with confidence. Kraus and Hofer (7) noted 
the rapid destruction of bacilli when injected into the peritoneal cavity. 
That increased phagocytosis is found in the immune is well known 
(Metchnikoff (8), Wright (9)). Bacilli injected directly in the blood- 
stream are quickly engulfed and destroyed, or carried to other parts 
where they may cause infection. The local cells at the point of infection 
partake in phagocytosis as well as the blood cells. 

We can observe in the course of clinical tuberculosis, either on physical 
examination, or by the X-ray, if our plates are satisfactory in quality 
and are taken sufficiently often, that many reinoculations occur without 
implantation resulting. In such instances of abortive infection the 
bacilli are destroyed. We assume that numerous bacilli are engaged in 
these attempted reinfections, and that many of them meet their death 
promptly, for the resulting tissue response of the patient is often violent 
and the exudative reaction, produced in unhealed lesions far separated 
from the point of reinoculation, is so severe as to warrant the belief that 
it could only be produced by the liberation of large quantities of tuber- 
culoprotein, which means the death of large quantities of bacilli. 

Inflammatory Protective Response at the Point of Reinfection: Another 
part of the protective mechanism at the point of reinoculation is that of 
the inflammatory reaction of local cells. It was one of Koch’s (1) 
earliest observations that reinoculation was followed by local tissue 
reaction and ulceration. We cannot separate this from the destruction 
of bacilli, for the cellular reactions are dependent largely or wholly 
upon the destruction of bacilli and the liberation of bacillary protein, a 
process which we assume starts with the attempted implantation. We 
assume that the determining factor in every reinoculation is the relation 
between the resistance of the host and the numbers and virulence of the 
infecting bacilli. 

When the reinfection is mild there may be so few bacillary products 
set free that no appreciable response, that may be detected by our usual 
methods of examination, follows even at the site of infection. When the 
infection is caused by greater numbers of bacilli there may be sufficient 
amounts of tuberculoprotein set free to cause a protecting inflammatory 
wall to be immediately thrown about the bacilli and, further, to find its 
way into the blood-stream and produce secondary reaction in other foci 
of disease. 
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With the specific inflammatory response well established it is probable, 
judging from our clinical observation, that small and even moderately 
large reinoculating doses of bacilli rarely produce permanent disease. 
They are opposed by immediate inflammatory response on the part of 
the local cells and, after a time, are destroyed or walled in and rendered 
innocuous. In the process, however, they serve the host well by building 
up his immunity higher and higher, and also by causing secondary re- 
actions in unhealed foci elsewhere in the body, thus favoring their healing 
by resolution or fibrosis. 

We draw this conclusion from the fact that in experimental animals, if 
the infected animal is given a second inoculation after the disease has 
become well established, this will give the specific protective mechanism 
such a boost that the animal will live twice as long as the one which 
receives only one infecting dose; also from the high degree of immunity 
which is evidenced in the advanced tuberculous patient, over whose 
bronchi millions of bacilli will pass daily without infection occurring 
and without jeopardizing the patient’s chances of cure. — 

We are also warranted in the conclusion by the fact which was first 
shown by Koch (1), and since observed by experimenters generally 
and carefully worked out by Krause and Willis (10), namely, that bacilli 
are carried through the tissues of tuberculous individuals with great 
difficulty. In no other observation is it more clearly seen than in the 
difference in the manner in which the regional lymph nodes participate in 
primary infection as compared with reinoculation. Within a few hours 
from the time that bacilli first enter the tissues of the nonimmune, the 
regional lymph nodes are already infected, while following their entrance 
in the immune this does not occur for days, and even then they take 
practically no part in the picture of infection. 

The power to resist the progress of tubercle bacilli through the tissues, 
which is conferred upon the cells of the host by a prior infection with 
tubercle bacilli, is one of the most important facts in the specific protec- 
tive mechanism. 

Secondary Inflammatory and Exudative Response in Foci Distant from 
the Point of Reinoculation: A very important part of the immunity 
mechanism in any disease is the ridding of the host of invading micro- 
organisms. That this is not accomplished in tuberculosis is the greatest 
stumbling block to the cure of the disease. While many bacilli are 
destroyed by the specific defensive forces developed by the host, yet 
dangerous foci remain to furnish bacilli for future metastases. 
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It is a very important part of nature’s method of cure, however, not 
only to prevent metastasizing bacilli from causing new implantations, 
but also to produce healing in unhealed foci. To accomplish this there 
is a very important reaction which occurs as a part of the immunity 
mechanism. 

That all tissues of the body have conferred upon them, as a result of 
prior tuberculous infection, a power to react to tuberculoprotein when 
they come in intimate contact with it, and that this quality is possessed 
the strongest by those cells which make up the intimate structure of the 
tubercle, are facts of primary importance in ridding the host of tuber- 
culous infection. This affinity between bacillary protein and the highly 
sensitized cells in the tubercle is so strong that a reaction occurs whenever 
they come in contact. No effect is noted in other cells of the body, 
however, unless the bacillary substance is introduced directly into the 
tissues as by intracutaneous or subcutaneous injection, in which case 
it is held in close contact with the cells for some time. 

As a result of this selective action upon the cells of unhealed tuber- 
culous foci, a focal reaction may be caused when tuberculoprotein is 
introduced into the circulating fluids either through the destruction of 
bacilli in natural infections or through the artificial injection of bacillary 
products (tuberculins) (11). 

That this is a very important reaction and an intimate part of the 
immunizing mechanism, may be inferred from the effects accomplished 
by it. This reaction, being caused by products which have been diluted 
by the circulating fluids, is less severe than that produced with the con- 
centrated bacillary products, at the site of the reinoculation. The 
milder reactions are suited especially to produce proliferation of the 
local cells, and are less prone to produce severe inflammation in the 
tubercle than the more severe reactions. The protection of the host, 
however, often requires the more severe reactions, with their inflamma- 
tion and exudation of serum, cells and fibrin, with their greater protecting 
and healing qualities. Both local and secondary reactions must be 
looked upon as necessary to protect the body against invasion and to 
heal already existing foci. 

Following both of these types of reaction, active foci are stimulated 
and many bacilli are cast into the natural passages, such as the air- 
passages, and expelled from the body. The numbers of bacilli in the 
sputum per microscopic field may increase many fold at the time of these 
reactions. It is one of nature’s ways to rid the host of bacilli. Moder- 
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ately large reinoculations are attended by severe reactions throughout 
unhealed areas, yet, as we follow them in the course of clinical disease, 
we do not find them prone to disseminate the disease as has been so long 
feared. 

Only large and frequently repeated reinoculations, which depress or 
overcome the patient’s immunity, for the time being, are responsible for 
such a calamity. This we see in the rapid spread that occurs during the 
last few weeks of life. We also see it in instances in which the patient’s 
general resistance is very low. As long as the patient’s immunity is 
relatively high ‘‘autotuberculin’” reactions are curative and not harmful. 


INTERPRETATION OF CLINICAL PHENOMENA 


We are now able, as a result of our immunological studies, to present a 
fairly clear and comprehensive picture of clinical tuberculosis, its path- 
ology, its symptomatology, the course it follows, and the fate of the host 
who harbors an infection. 

We can interpret the symptomatology in terms of the contest between 
invading bacilli and specifically resistant cells. The toxic symptoms 
become the expression of absorbed poisons following reinoculations. 
Their source may be destroyed bacilli, necrotic tissue, or the products of a 
digested exudate. The temperature, which is one of the most constant 
of toxic symptoms, may be interpreted as indicative of “autotuberculin”’ 
reactions, due to reinoculations, or, if continuous, as being caused by the 
absorption of toxic substances which result directly and indirectly from 
these reactions. 

Reflex symptoms are caused by stimuli which arise in the inflamed 
tissues and irritate the afferent nerves belonging to the sympathetic and 
vagus systems, expressing reflexes in other tissues and organs. 

At the site of reaction certain symptoms, such ashaemoptysis, pleurisy, 
sputum, and repeated “‘colds,”’ which are local responses to reinoculation, 
find their aetiological basis. 

The course of the disease is determined by and modified according to 
the frequency and size of the dosage of bacilli causing the reinoculations 
and the state of resistance of the patient; in other words, it depends upon 
the specific response of the tissues. (Pottenger (12).) 

Active tuberculosis represents a number of different conditions. There 
may be the simple reinoculation, with moderate numbers of bacilli, 
causing a rise of temperature lasting a few days and gradually returning 
to normal, the rise of temperature being accompanied by an increase 
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in many of the important symptoms; or, there may be several reinocula- 
tions following each other, giving the same increase of symptoms; or, 
there may be a failure of the temperature to drop to normal, for days, 
weeks or months, which is indicative of a continuous absorption of 
toxins, probably from three sources: (1) necrotic tissue, (2) absorption 
of the exudate, and (3) absorption of the products from destroyed 
bacilli. Small reinoculating doses accompanied by mild reactions 
probably occur frequently, but are expressed by no appreciable symp- 
toms. These minor stimulations, however, result in increased immunity 
and healing. Severe reinoculations, if the patient is able to overcome 
them, are followed by very high immunity and healing. If he fails to 
overcome them, immunity is depressed and the disease spreads. 

The most approved method of treatment used today has the same 
object in view as the immunizing mechanism herein described: (1) the 
limitation of reinoculations, and destruction of as many of the infecting 
bacilli as possible, which is accomplished best by rest, food, hygienic 
living, and a favorable psychological state which builds up the patient’s 
resistance, this to be instituted particularly at the time when the lesion 
is small and the chances for reinoculation are limited; and (2) the healing 
of existing foci by the stimulation furnished by the patient’s own tuber- 
culin reactions. 

Sometimes, if conditions are right, one or two sharp reactions following 
reinoculations are sufficient to cause healing in small lesions. Many 
times, however, healing fails of immediate accomplishment, and the 
disease either remains quiescent for a time and then healing is completed, 
or the disease extends by metastasis, causing a more extensive lesion. 

This latter group of cases could probably all be benefited by stimulating 
doses of tuberculin, administered in much the same way as Nature herself 
gives the doses. Many men, who have used subcutaneous injections of 
tuberculin for diagnosis, have noted healing follow a single marked 
diagnostic reaction. Those interested in the treatment of tuberculosis 
should give careful study to nature’s method of ‘‘autotuberculin” 
treatment, to see whether something better than our present methods 
cannot be devised for stopping the invading bacilli and incarcerating 
more firmly those which are already within the tissues. 
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EXUDATIVE AND PROLIFERATIVE PROCESSES NOT A 
BASIS FOR CLASSIFYING TUBERCULOSIS INTO TYPES 


BUT REPRESENT DIFFERENT PHASES OF ALLERGIC REACTION? 


F. M. POTTENGER 


EXUDATIVE VERSUS PROLIFERATIVE REACTION IN TUBERCULOSIS 


Aschoff and his school at Freiburg have suggested that tuberculosis be 
classified as belonging to two distinct types, the exudative and the prolif- 
erative: one, the aggressive or spreading form; the other, the retrogres- 
sive or healing form. This classification has been received by clinicians 
with considerable favor, yet it is far from satisfactory. It unfortunately 
has the effect of separating into two distinct groups phenomena which 
are qualitatively the same, differing only quantitatively. 

It is impossible to understand the pathology of tuberculosis without 
taking into consideration cellular sensitization by the bacillary products, 
because this begins very shortly after the bacilli settle in the tissues on 
primary inoculation, and more quickly after reinoculation; and, after 
being established, modifies all further phenomena associated with the 
disease. It shows particularly by an increased skin sensitiveness to 
tuberculin, which appears within from a few days to two or three weeks 
after the primary inoculation. It also shows asan inflammatory reaction 
at the periphery of tubercles, which may be seen in experimental tuber- 
culosis within a few days after inoculation. So any pathological change 
and any clinical manifestation which develops as a result of infection with 
tubercle bacilli must be considered in relation to the allergic or “autotu- 
berculin” reaction, which is a part of the body’s specific immunizing 
mechanism. 

The exudative and the proliferative processes, as they are encountered 
in chronic tuberculosis, are not totally different processes, as would be 
required in order to make them bases of types into which tuberculosis is 
to be divided. On the contrary, as we meet them, either in primary 
tubercle or in the early reinoculations, whether caused by bacilli escaping 
from foci in which they have been confined within the body of the host 


1 Presented before the Los Angeles Clinical and Pathological Society, March 22, 1928. 
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or by bacilli entering from without, or in the course of clinical tubercu- 
losis, they represent different phases of the same tissue reaction to 
bacillary invasion. The difference in the degree of reaction varies with 
the degree of specific resistance present and the dosage of bacilli; a few 
bacilli causing a slight hyperaemia with little exudation and the prolifera- 
tion of fixed cells; while many cause severe inflammatory and exudative 
phenomena. If marked exudative reaction occurs as a result of inocula- 
tion by many bacilli, such reaction implies a strong defensive mechanism 
on the part of the host, as a result of which the tissues become involved 
in an inflammatory process in which they and the air-spaces are filled 
with exudate, in which lymph, fibrin and cells take part. 

The exudative type of inflammation and the proliferative process go 
hand in hand in tubercle; the exudative, with tendency to destruction of 
tissue being most marked in the centre of the tubercle, the proliferative 
process being most marked at the periphery. In the centre of thetuber- 
cle, where toxic action is most severe, caseation predominates; at the 
periphery, where toxic action is slight, new tissue-formation predomi- 
nates. From this we assume that reinoculations with few bacilli are 
more apt to be followed by proliferation, because under such conditions 
the toxic action is of a milder degree, exerting an irritating rather than 
a necrotizing effect. The slight reactions may be followed by only a 
slight hyperaemia, or the exudation of a few cells, with stimulation of the 
reticular cells in and about the tuberculous foci. 

The more severe reinoculations are accompanied by marked clinical 
symptoms and usually, at the height of reaction, the patient is markedly 
toxic and suffers serious physical and psychical effects. In instances in 
which the proliferative process predominates, however, on account of 
the milder reinoculations, the whole picture is of a less serious nature, 
and physical and psychical effects are slight, or may often be unobserved. 
Both processes, however, are inflammatory, and both are in the last 
analysis exudative in character: the one severely, the other mildly so. 
Both are a part of the defensive mechanism and are a part of the “‘auto- 
tuberculin” reactions. 


THE ALLERGIC OR “AUTOTUBERCULIN” REACTION 


In order to clearly understand the pathological characteristics of 
clinical tuberculosis, so as to appreciate the unity of what is spoken of 
as the exudative and proliferative reactions, one must understand the 
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difference in behavior of the body cells toward a primary infection and 
a reinoculation. 

It is well known that tubercle bacilli gaining entrance to the body for 
the first time, even in quite large numbers, are not immediately dangerous 
to an animal or man; not until they have established themselves in the 
tissues and succeeded in growing and multiplying; and, further, not until 
they have been destroyed, setting free bacillary protein to sensitize the 
body cells. It is also known that the early response of the body cells 
toward primary infection caused by few bacilli is chiefly noninflammatory. 
It consists of an irritation, resulting in proliferation of the fixed cells; a 
gathering of leucocytes around the bacilli, with little or no exudation; 
the leucocytes disappearing after a short time, leaving the field to the 
local cells. This is the course of infection until specific cellular defense 
has been established. 

It is particularly characteristic of this reaction, that no matter where 
reinoculating bacilli lodge in the body, the local cells quickly respond to 
their irritating influence and, as a rule, within a few hours, show signs 
of local inflammation. It is of first importance, both clinically and 
pathologically, that the cells in and about active tuberculous foci possess 
this reactive power to a degree higher than other cells of the body and 
show reaction when others do not. This explains the extensive reactions 
which follow reinoculation, particularly with moderately large numbers 
of bacilli, both at the site of invasion and also throughout existing but 
unhealed lesions, as is so often met in the course of clinical tuberculosis. 
It shows that reaction is most severe at the point where the antigen is 
most concentrated. 

The experimental animal, whose immunity has been raised to a high 
level by previous inoculations and whose cells are consequently markedly 
allergic, may react violently and become severely ill, or even may die 
within a few hours as a result of a reinoculation caused by massive doses 
of bacilli. If, on the other hand, the reinoculation be caused by few 
bacilli, the physical well-being of the animal may not be at all disturbed; 
and locally, only a slight hyperaemia or temporary exudation of serum 
and a few cells may take place. From clinical evidence we assume that 
the same thing holds in man. 

From this slight hyperaemia with mild transient exudation, to the 
severe reaction causing the death of the patient, is a progression from the 
mildest to the most severe allergic reactions. The reactions met with 
in clinical tuberculosis belong anywhere between these two extremes. . 
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They are always inflammatory in nature and are an expression of the 
response of the patient’s defensive mechanism toward the invading 
bacilli. They are all the result of ‘‘autotuberculin” reactions. 

One cannot understand the phenomena which take place as a result of 
reinoculations unless he bears in mind that the cells within tubercles are 
most sensitive to tuberculotoxins, and are exposed to greatest injury. 
This explains the general tendency for caseation to appear early in the 
cells which are in most intimate contact with the bacilli at the point of 
invasion. It must further be understood that, as a result of the destruc- 
tion of bacilli at the site of reinoculation, tuberculoprotein gains access 
to the lymph and blood-stream, and, circulating throughout the body, is 
able to produce reaction in all other unhealed foci within the body. It 
must further be understood that this reaction is mild in comparison with 
that which takes place within the new focus of infection where the toxins 
are liberated; and, further, that the stimulation of the cells at the periph- 
ery of the unhealed foci throughout the body is less than it is within 
the tubercles themselves. Under all conditions, however, it must be 
borne in mind that the reaction, whether severe or mild, is a part of the 
protective mechanism of the host against the invader. 

The defensive nature of the autotuberculin reaction manifests itself in 
several ways: (1) by enabling the individual who receives a reinoculation 
to withstand larger doses of bacilli without becoming infected than are 
required to produce a primary infection, and to increase this resistance 
by successive reinoculations which are successfully withstood; (2) by 
destroying many bacilli both before and after implantation has occurred, 
and often causing the infection to be abortive in character; (3) by detain- 
ing bacilli at the point of inoculation and preventing their spread through 
the body; and (4) by healing lesions when once formed, either through 
resolution as in pneumonia, or by causing a proliferative process in the 
reticulum in the periphery of tuberculous tissue, by which a fibrous 
net-work gradually displaces inflammatory tubercle and even necrotic 
tissue. 


THE EXUDATIVE PROCESS 


No one can deny that the severe exudative lesions are often serious, 
nor that they may result disastrously. On the other hand, the failure 
of a competent reaction, as is met with when immunity is depressed, is 
even more dangerous in that, under such circumstances, bacilli are 
permitted to spread and cause infection without being opposed by 
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nature’s specific defensive mechanism. This we see in the course of 
clinical tuberculosis when the patient’s resistance is broken down by 
large or repeated large reinoculations. It was also seen in the first tuber- 
culin era when massive doses of tuberculin were given to patients suffer- 
ing from widespread tuberculosis, and repeated at frequent intervals. 
These at first caused marked exudative reactions, but soon immunity was 
lowered and reacting power was gone, and the disease spread because of 
incompetent cellular defense. 

The effect of violent exudative reaction is seen in experimental animals 
which may die in from eight to forty-eight hours following a single rein- 
oculation of large numbers of living or dead tubercle bacilli, oran excessive 
dose of tuberculin. Postmortem, the organs of animals dying following 
such severe reactions show severe exudation of serum, cells, and fibrin 
and haemorrhages in the tissue. Death is caused by the reaction in 
spite of the fact that it is a part of the defensive mechanism of the body. 

Just as one can exhaust his defensive powers in a hand-to-hand struggle 
or in flight, and die from using his defensive mechanism, so, in order to 
stem the advance of a large infecting force of tubercle bacilli, the body 
cells may, through their specific reacting power, throw out into the tissues 
an inflammatory exudate of such a nature as to cause severe local injury, 
with death of cells and even the death of the patient. Bear in mind, 
however, that even though the patient may be made severely ill or die 
as a result of the reaction, yet the exudative inflammation may have 
served certain important defensive purposes. It may have caused the 
death of many bacilli, prevented a general spread of others through the 
body, and caused many bacilli to be cast out of the body from open tuber- 
culous foci. 

In patients suffering from extensive, active, chronic tuberculosis we 
often see severe reinoculations take place, sometimes repeatedly, and 
even one following before the effects of the preceding one have disap- 
peared. Bacilli causing the reinoculations are often localized at the 
site of infection by a severe exudative reaction which may cause caseation 
and necrosis. Reactions, either slightly or severely exudative in charac- 
ter, may also occur in other unhealed tuberculous foci in the body. 
These are “autotuberculin” reactions produced by bacillary products set 
free into the circulation when bacilli are destroyed in the focus at the 
site of reinoculations. The slighter reactions may stimulate the reticu- 
lum at the periphery of the tubercles to immediate proliferation and 
healing, while the more severe ones may cause proliferation at the periph- 
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ery but marked exudation with death of cells in the more central 
portions. 


THE CLINICAL PICTURE 


Slight reactions may be entirely unnoticed. Severe reactions, on the 
other hand, are accompanied by fever, often high, and sometimes pro- 
longed over weeks and months. The patient becomes severely toxic. 
His vital forces are depressed. He becomes nervously unstable, his 
appetite fails, he loses in weight, his pulse becomes rapid, he suffers 
from insomnia and a sense of exhaustion. Cough and expectoration 
increase. The latter often doubles, and may even increase tenfold or 
more within a few days. 

On physical examination the areas which are the most affected by the 
exudative reaction show increased density on palpation and percussion, 
and an increase in the number of moist rales. The X-ray shows an 
increase in soft shadows. All of this may come on suddenly within a 
few hours. 

The outlook seems serious if we interpret the marked exudative in- 
flammation producing a tuberculous pneumonia as being the expression 
of a marked increase in activity due to a general spread of the disease. 
If, on the other hand, one bears in mind that it is due to the operation 
of the specific “autotuberculin” reaction, which is a necessary part of 
the mechanism for defending the organism against further bacillary in- 
vasion, and for stimulating foci to healing, he will understand that, at 
least temporarily, the patient has been benefited and that his chances of 
recovery, if such there be, may be greatly increased by this ability to 
react violently. He further will understand that bacilli have not scat- 
tered throughout the areas which show signs of reaction, but only as a 
rule in one or, at most, probably a few areas. The other areas are only 
affected by the inflammatory exudative defensive reaction,—the patient’s 
own tuberculin reaction. 

Sometimes reinoculations are made by so many, or by such virulent 
bacilli, at such short intervals that, instead of stimulating the patient’s 
immunity mechanism to increased activity, they depress it; it may be 
even to the vanishing point. At times this is facilitated by a low state 
of vitality on the part of the patient, as we see following such diseases 
as measles, whooping-cough and influenza, or following pregnancy, or 
when debilitated by various other exhausting physical and psychical 
states. 
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As a result of the depressed immunity mechanism met with under 
these conditions the allergic reaction is correspondingly feeble; and the 
disease may spread, with little opposition, through large areas of the 
organ or organs involved, or to other parts of the body. This is what 
often happens during the last few weeks of life in those who die of 
tuberculosis. 


HEALING OF ASCHOFF’S EXUDATIVE TUBERCULOSIS 


In studying symptoms, and in determining the course which the 
disease takes, we have our minds centered too much on the bacillus and 
the disease process and not enough on the patient. The same thing is 
true in considering the manner in which healing occurs, likewise the 
cause of the death of the patient. The specific reacting power of the 
body cells, as exhibited in the allergic reaction, is the most important 
factor in the healing of tuberculosis. The breaking down of necrotic 
pulmonary tissue and the products of the exudative reaction into toxic 
substances and their absorption are probably the most potent factors 
in lowering both the patient’s natural and specific resistance and causing 
death in tuberculosis. This appeals as being equally and probably, at 
times, a much greater factor even than the toxins of the tubercle bacilli, 
although both must be factors. The reason for suspecting tissue rather 
than bacillary toxins as being of greater moment in causing death is 
because death is usually preceded by a breaking down of immunity with 
the spread of the disease, and necrosis of pulmonary tissue seems to 
progress more rapidly when unopposed by the immunity mechanism as 
previously mentioned. 

I have endeavored to show that it is not correct to speak of an exudative 
type of tuberculosis. It may be predominantly exudative now: later, 
when the products of inflammation have been digested and resolution of 
the exudate has taken place, it may be predominantly and, later, even 
wholly proliferative. Exudative is a term which should be used for 
expressing every degree of specific tissue reaction to tubercle bacilli or 
tuberculoprotein in which serum, cells or fibrin escape into the tissue or 
natural channels. It may exist either as an acute reaction, causing rapid 
death, as noted in animal experiments following excessive dosage of 
bacilli, or, what is more common, it may, responding to each new rein- 
oculation, increase and decrease many times in severity during the course 
of the disease. It may be so mild as to be unrecognizable clinically. 
Such reactions heal readily. But not infrequently severe ones disappear 
too, with healing of the tuberculous process. 
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Severe exudative tuberculous processes may heal by resolution the 
same as the acute pneumonias. The bacilli may be destroyed. 
Enzymes may digest the exudate, and the resulting products may be 
carried off the same as in the acute disease; but weeks and months will 
be required in tuberculosis, where days and weeks only are required in 
acute pneumonia. 

Severe exuative processes may also heal by the process of fibrosis, 
even though caseation be present. It must not be forgotten that the 
allergic reaction consists of two processes which are going on in tubercle 
at the same time; a more severe reaction with tendency to softening in 
the immediate environs of the bacilli, particularly in the centre of tuber- 
cles, and a milder reaction at the periphery, which stimulates the reticular 
cells to proliferation, causing them to produce new fibrils which may 
even penetrate to the centre of the foci and replace caseous material by 
fibrous tissue and convert the tubercles into scars. It must also be kept 
in mind that digestion of the exudate and the removal of the broken- 
down particles from the field is always going on. 

Mild reactions, which irritate the reticular cells and favor healing, take 
place at the periphery of the tubercle from whose centre the antigens 
filter out. They may also be produced by antigens which come from 
distant foci. Such effects may be seen in the course of nearly any care- 
fully studied case of chronic, active, widespread tuberculosis. Some 
areas will heal while others are breaking down, and even when the disease 
is spreading. 

This is well illustrated by a patient under my care who had a double 
pulmonary tuberculosis,—a severe process throughout the left lung, 
which went on to extensive destruction and cavity-formation, and a 
fairly extensive though less serious lesion in the upper half of the right 
lung. Although he had temperature of between 99.5 and 103° for an 
entire year, and had frequent massive reinoculations in the left lung, 
accompanied by an increase in the exudative process and severe symp- 
toms, and although he formed numerous cavities in the left lung, yet 
healing continued so favorably in the right lung that we were able to 
compress the left lung at the end of a year and by so doing obtain an 
arrestment of the disease in both. 

Sometimes acute processes, after going on to caseation, will heal with 
the deposit of calcium, although calcification is more prominent in the 
healing of primary foci than in the healing of chronic tuberculosis. 

Severe exudative lesions sometimes go on to necrosis and cavity- 
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formation. Cavities seem most logically to be the expression of severe 
reinoculations at a time when specific defense is low. Caseation takes 
place regularly in primary infection, and it often occurs in clinical disease 
as a fairly early manifestation before immunity has been raised by re- 
peated reinoculations. When it appears later it seems very often to be 
a result of repeated massive reinoculations at a time when immunity 
has been depressed as a result of the disease itself or from other causes. 

Cavities, while not desired, are often salutary. The elimination of 
bacilli at the time of cavity-formation is often the means of getting rid 
of large numbers which would otherwise endanger the patient’s life. 
When an autotuberculin reaction of any considerable degree takes place 
sputum is markedly increased, as well as the numbers of bacilli contained 
in it. Since the time of the first tuberculin era there has been fear of 
mobilizing bacilli and causing spread of the disease as a result of focal 
tuberculin reactions. On the contrary, from our understanding of 
immunological principles, as well as from our clinical experience, we are 
led to believe that both natural and therapeutic tuberculin reactions of 
moderate degree are primarily and predominantly protective against 
spread within the body, and that it is only excessive dosage that proves 
harmful. That there occurs regularly an increased number of bacilli 
in the sputum during the reaction caused by these reinoculations, is due 
to the stimulation of the open foci, causing them to get rid of their bacilli 
by casting them off into the air-passages. But they do not spread in the 
tissues, as has been so generally feared. 


HEALING OF ASCHOFF’S PROLIFERATIVE TUBERCULOSIS 


While so called exudative tuberculosis is the expression of asevere 
allergic reaction, so proliferative tuberculosis is the expression of a mild 
allergic reaction. Both represent the degree of defense against the 
particular dose of bacilli causing the reinoculation that the individual is 
able to put up at the time the reaction is called into play. ' If the indi- 
vidual’s reacting powers are good, the specific defense is usually compe- 
tent to meet the requirements, unless the reinoculation is produced by 
massive doses of bacilli, or by lesser numbers which are of very virulent 
strain. Whereas a complicated process of digestion and resolution must 
take place to get rid of the products of the markedly exudative reaction 
before healing by fibrosis can go on, the so called proliferative type may 
heal simply by the production of an increase in fibrous tissue resulting 
from the irritation of the reticulum in the tubercles themselves. 


| 
if 


EXUDATIVE AND PROLIFERATIVE PROCESSES 589 


The course of the markedly exudative process is marked by a toxaemia 
in all its varied manifestations and by reflexes in many other organs, 
caused by impulses arising in the lungs, and irritating the endings of the 
sympathetic and vagus nerves. The course of the proliferative process, 
on the other hand, is so mild that at times months pass without the 
appearance of toxic symptoms, even elevation of temperature, and the 
only reflex from the lung is that of cough. 


EXUDATION AND PROLIFERATION DIFFERENT DEGREES OF ‘“‘AUTOTUBER- 
CULIN” OR ALLERGIC REACTION 


Exudation and proliferation should not be looked upon as a basis for 
classification of tuberculosis into types. Already in the minds of many 
clinicians, the term exudative type has come to carry with it a bad prog- 
nosis. This is wrong. It means a relatively severe “autotuberculin” 
reaction, usually caused by a fairly large reinoculation, and implies that 
the host possesses the power of putting up a strong defense. Regardless 
of the severity of the exudative process which may be present, if the 
patient can preserve his ability to react specifically and ward off new 
infections until walling in of the invading bacilli has occurred, he still 
has splendid chances of overcoming his disease. The pathological 
process in the lung caused by the first reinoculation is just as much an 
exudative process as those which accompany widespread extensive 
lesions later in the course of the disease. An exudative process has a 
qualitative significance only, indicating the nature of the allergic reaction, 
not its extent or its seriousness. 

The more widespread the lesions the greater the opportunity for 
metastases to occur; also, the greater the area of tissue to be affected by 
the “‘autotuberculin” reaction which results from the newly inoculated 
bacilli. The more severe and the more frequent the reinoculation the 
greater the danger of the patient’s immunity mechanism being overcome; 
or, if his mechanism proves to be competent, the more severe the allergic 
reaction will be, and the more complicated and the less certain the process 
of healing will be. 

This provides a basis for making an eloquent plea for early diagnosis 
and early treatment of tuberculosis, while the lesions are limited in 
extent and the tissue reactions attendant upon reinoculation can be 
withstood by the host. This is the time when proliferative changes may 
be made to dominate with comparative ease. 
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THE X-RAY EVIDENCES OF ALLERGY AND 
CLINICAL PHTHISIOGENESIS 


I. RAPPAPORT! 


The latest revelations in phthisiogenesis, made by Redeker and his 
associates, centre about the sequence of events and the allergic phen- 
omena of clinical phthisiogenesis as observed in X-ray series. It is 
therefore timely to point out that Redeker’s conclusions have to a great 
extent been anticipated by workers in this country. 

The paramount réle that allergy plays in phthisiogenesis has repeatedly 
been pointed out by A. K. Krause. The relation between allergic 
phenomena and the “‘parafocal inflammation” was set down by him very 
definitely and clearly in 1921. At that time he stated that allergy: 


1: Appears coincidently with the establishment of the lesion. 
2: Diminishes as the lesion heals. 
3: Varies directly with the intensity of lesion, etc. 


The earliest X-ray demonstration of the perifocal infiltrations sur- 
rounding the first foci was presented by H. Wessler, who also anticipated 
Redeker in pointing out the infraclavicular region as the site of predilec- 
tion of the very first tuberculous foci in the lungs. 

Redeker and his associates carried out an investigation very similar 
to that made a few years ago by Opie and McPhedran in Philadelphia. 
These workers, who established the existence of tuberculous contagion 
within families, were restricted in their work to families scattered in a 
large community. 

Redeker and his associates were fortunate enough to have complete 
control on the entire tuberculosis morbidity of an industrial plant having 
a stable and closed population of more than 10,000, over a period of 
more than six years. A stupendous amount of X-ray and clinical work 
was done, as a result of which the complete story of clinical phthisio- 
genesis was soon revealed. Some 120 cases of pulmonary tuberculosis 
were picked up in what may be called statu nascenti, and were followed 
throughout their clinical development. 


1 Mount Sinai Hospital, New York City. 
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The most important findings, bearing out the allergic hypothesis of 
A. K. Krause to a remarkable extent, are largely the following: 


1: Fresh focus-formation is practically nonexistent without local phenomena 
of allergy, as manifested by perifocal infiltration (as Krause calls it, ‘‘perifocal 
inflammation”). Accordingly, the first invasion of the lung by tuberculosis 
becomes evident in the X-ray picture of the “‘initial infiltration.”” Such lesions 
were first demonstrated by X-ray in this country by H. Wessler, who described 
them as “pneumonic exudate surrounding the first tubercles.” 

2: The perifocal infiltration, and with it allergy, varies directly as the intensity 
or extent of infection. 

3: The perifocal infiltration, and with it allergy, is reduced with healing of the 
lesions, or increased with their spread. Amazingly rapid absorption of the 
infiltrations takes place in the first case, and very extensive perifocal infiltra- 
tions involving entire lobes may take place in the second case. 


The relation between allergy and reéxacerbation is described by Redeker 
as linked together by a vicious circle. As Krause pointed out, an increase 
of allergy appears coincidently with the initial focus. The area surround- 
ing the focus and its perifocal infiltration becomes hypersusceptible to 
invasion; larger or smaller infiltrations are soon likely to crop up ad- 
jacently, which in their turn extend the allergic area still farther; allergy, 
and, with it, the possibility of fresh disseminations, are still more in- 
creased. The truly vicious character of the connection becomes evident 
when the centre of the initial infiltration breaks down. Infectious 
material is carried into lymph or respiratory channels; disseminations 
into more remote parts of the pulmonary parenchyma (where allergy is 
decreasingly lower) are set up; minute invisible foci surrounded by pea- 
sized infiltrations of a submiliary character arise and become evident on 
X-ray pictures, the lesions probably representing single tubercles with 
their zone of perifocal infiltration. If a greater amount of infectious 
material reaches pulmonary parenchyma as yet untouched, another 
focus is set up with perifocal infiltration of the same dimensions as the 
first; we then have a picture of the “subsequent infiltration,’ which 
may even be seen in the opposite lung. Althoygh both infiltrations 
may look exactly alike, some evidence of age-difference will always 
remain. If the initial infiltration was extensive enough, so that its 
evacuation leaves a patent vomica, this ‘as we all know) becomes an 
explosive mine from which, sooner or later, a fatal process is likely to 
originate. 
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The story of clinical phthisiogenesis can be written to-day in terms of 
observed facts, as against the piecing-together method of the past. 

The successful invasion of the pulmonary parenchyma as a result of 
contact infection brings about a focus-formation, and, surrounding it, a 
perifocal infiltration as a local manifestation of allergy. This is the type 
of lesion first revealed on the X-ray plate by Wessler as from one centi- 
metre to one inch in size, its site of predilection being the infraclavicular 
region. Redeker found more than 80 per cent of these lesions anywhere 
between the infraclavicular region and the lower parts of the upper lobe. 
Another 15 per cent he found in the lower lobes. Only about 5 per cent 
of these “‘initial infiltrations” were found just behind the clavicle or in the 
real apices. The “‘initial infiltrations’ go unnoticed by the patient until 
the allergic phenomena are local. They are therefore discovered ac- 
cidentally or when looked for in people living together with open contact 
cases. With slight invasions the allergic phenomena may remain 
restricted altogether to the place of invasion; the focus going into healing, 
perifocal infiltration being absorbed, the patient feeling nothing more 
than some passing indisposition. With moderately extensive foci and 
larger perifocal infiltrations, allergic phenomena become general in the 
form of a toxic shock, a rise in temperature, malaise, etc..—symptoms 
which usually go under the name of “grippe,”’ lasting a few days. Severe 
invasions lead to general symptoms not unlike pneumonia. Severe 
toxic shock, sudden and excessive rise in temperature with chills, usher 
in a severe illness lasting from two to six weeks. These conditions 
frequently go under the name of a “touch of pneumonia,” or even of 
real pneumonia that did not resolve in due time. In the very severe 
infections we see a variety of grave conditions: the slower forms of 
caseous pneumonic processes, in which extensive perifocal infiltrations 
go into rapid softening, the gelatinous or desquamative pneumonias 
(Buhl). 

While these last forms of infiltrations are always fatal, it would be 
altogether wrong to base a bad prognosis on extensive infiltrations as 
such. In the terms of Krause’s allergic hypothesis, they merely indicate 
excessive allergy, very marked reaction. It is the climax of the im- 
munobiological process, and at this stage there is no telling which way 
the pendulum may swing. From the standpoint of immunity the 
situation is paradoxical. There may be threatening a complete break- 
down of immunity at its height, with all its forces marshalled to the 
front, yet of no avail against the severity of the infection. Immunity, 
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as a function of allergy, is reduced; the gates are opened wide for the 
spread of new foci. In X-ray plates we see the number of foci increasing, 
size of infiltrations decreasing, lesions coalescing through sheer density 
of numbers, involvement progressing beyond possibility of restitution. 
On the other hand, the excessive allergy may be the expression of great 
immunity which soon draws the line of demarcation about the existing 
foci, healing gets under way, allergy again decreases, and, with it, large 
perifocal infiltrations are absorbed with a rapidity nothing short of 
amazing. In X-ray plates we see induration of foci to almost complete 
restitutio ad integrum if the lesion was moderately extensive. Frequently 
even the disappearance of real tissue defects (vomicae) through cirrhotic 
shrinkage of extensive processes may be observed. It should be em- 
phasized here that, contrary to the general belief, massive cirrhosis, as 
seen in X-ray pictures, is not the result of chronic proliferative, but 
rather of very acute, infiltrative processes. 

Between the two types of issue from the initial infiltration,—that of 
acutely progressive fatal disease and that of restitutio ad integrum,— 
stands the type of issue destined to become chronic disease. This issue 
interests us mostly as out of it evolves the genuine chronic phthisis. 
In this type a slowly developing and moderately extensive initial in- 
filtration, leading to mild general symptoms, goes on to healing and 
reabsorption of the perifocal infiltrations, yet induration of the foci 
progresses but slowly. The initial infiltration is not yet completely 
healed when a “‘subsequent infiltration” arises in the manner described 
above. ‘This takes place in connection with another “grippe’’ as clinical 
accompaniment, in much the same fashion as described above. Enough 
time elapses between the reéxacerbations,—new focus-formations,—for 
allergy to fall below the dangerous level above which excessive infiltra- 
tions could arise. “Subsequent infiltrations’ of exactly the same 
dimensions may thus come and go for some period of time, short exacer- 
bations keeping sufficiently apart, hence we cannot speak of clinical 
illness of any severity or constancy. The site of the “‘initial infiltration” 
and even that of the first “subsequent infiltrations,” which may be 
scattered about in different parts of both lungs, may hardly be visible 
any more in the X-ray pictures, when one reéxacerbation brings about a 
“subsequent infiltration” that will not go into healing. Allergy rises 
to the danger line, and all previous foci incompletely healed become 
surrounded by infiltrations again. Thus each “subsequent infiltration” 
may be the start of an acute clinically progressive process. 
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The lower half of the upper lobe is also the site of predilection for all 
“subsequent infiltrations,’ and therefore the greatest number of in- 
completely healed and indurated foci without perifocal infiltrations may 
be found in this area, where they eventually become so dense that they 
begin to cast their shadows on X-ray plates. Thus arises the X-ray 
picture of chronic pulmonary tuberculosis as usually recognized by 
routine examination. When the disease is recognized at this stage, 
there are usually many more indurated foci scattered about in different 
parts of the lungs. Some are barely visible residues of ‘‘subsequent 
infiltrations’ almost completely healed; some, residues of larger, yet 
minute, disseminations that may have occurred at the time when any 
of the infiltrations were at their height. Haemorrhages are especially 
likely to cause such submiliary disseminations. If the next reéxacerba- 
tion happens to be severe, and allergy rises above the danger level, all 
these old foci regain their perifocal infiltrations, and a picture arises, 
the X-ray interpretation of which frequently leads to the diagnosis of a 
fresh haematogenous dissemination because of the widespread dis- 
seminations into both lungs seen under such circumstances. However, 
it is not difficult to arrive at the correct conclusion if one considers the 
absence of general clinical phenomena that must needs follow such a 
dissemination, and the difference in size of the disseminations is noted. 
Subsequently, inequalities in the tendency and degree of reabsorption 
of the infiltrations will help to differentiate between them. Of course, if 
previous X-ray plates are available and can be compared, the phe- 
nomena are easily explainable. 

According to this story of clinical phthisiogenesis, Redeker justly sets 
down its first principle as follows: ‘‘There does not exist any tertiary 
initial focus-formation out of which phthisis of the lungs develops.” 
The word tertiary is applied here in the sense of Ranke’s system, which 
conceives of a third stage in tuberculosis, characterized by the lack of 
allergy and by the tubercles proliferating into adjacent tissues without 
reaction, which would explain chronic productive progressive tuberculiza- 
tion. At present we know this to take place, rather as an exception, 
only in the very chronic forms of the disease, in which the reaction is 
too weak to be noticed. 

It can be stated with safety that in the overwhelming majority of 
cases of pulmonary tuberculosis the disease does not begin in this non- 
reactive manner. From an imposing amount of evidence it may be 
concluded that what has up to now been considered incipient pulmonary 
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tuberculosis is really almost the last stage, even though it is sometimes 
the longest stage, of the disease. 

It has definitely been settled that the stage in which the beginnings of 
clinical phthisis have up to now been seen to start at the apex and 
progress in craniocaudal succession, is really an already far-advanced 
stage. Asa matter of fact, it is the gradual coalescence and subsequent 
breaking down of conglomerated foci that progresses in the observed 
craniocaudal fashion. The oldest and most densely gathered foci being 
in the infraclavicular areas, it is but natural that coalescence, softening 
and evacuation should begin there, and next involve the adjacent apices. 
The discontinuous progress of pulmonary tuberculosis is a well-recognized 
clinical fact. Short exacerbations alternate with intervals of practical 
clinical well-being. This principle is also valid for the earliest reactive 
stages which as yet go unrecognized. With chronic phthisis, intervals 
of perfect health for such long periods as decades are a matter of clinical 
record. It may be pointed out here, however, that it occurs much more 
frequently than is generally recognized. It is therefore justly brought 
out by Redeker that a sharp distinction must be made between “‘sub- 
sequent infiltrations,” that come in the form of reéxacerbations which 
may be linked to the infiltrations preceding it, and such “late infiltra- 
tions” as are, in time and clinical sequence, far removed from any pre- 
vious infiltrations. “Late infiltrations” really represent a new “initial 
infiltration,’ out of which, in exactly the same manner as described in 
connection with the “‘initial infiltration,’ the great variety of tuber- 
culous conditions of the lungs is seen to develop, most frequently in 
patients between the age of forty to sixty years. 
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THE FATE OF THE TUBERCULOUS CAVITY 
An Anatomical, Biological and Clinical Study! 
FELIX BAUM,? SOL MEBEL’ anp ALLEN KANE? 


Opinions concerning the fate of the cavity are divided. Pathologists 
and clinicians look upon this phenomenon from different angles. There 
seems to be discord over the term “healing” of the cavity. The clinician 
is justified to consider a cavity as ‘“‘healed” if the clinical, laboratory and 
X-ray findings are constantly negative. The pathologist is more strict. 
He expects to find anatomical healing at autopsy. The discussion about 
this important question between pathologists (Graeff and Kiipferle at 
the Roentgen Congress of Elster, 1921), on the one hand, and the clini- 
cians (Turban and Straub), on the other, seems at last to be approaching 
a compromise. It was Graeff himself who mitigated his sentence of 
death for patients with cavities. At a later date he added that his 
statement referred only to those vomicae which attain a size greater 
thanaplum. The clinicians again admitted that the healing of cavities, 
without artificial or spontaneous pneumothorax, phrenectomy or surgical 
collapse, is a rare phenomenon. 

Certainly a clinical healing (what we call a quiescent or arrested 
condition) is possible without anatomical closure of the cavity, and this 
occurrence is relatively frequent. For such a condition it is merely 
sufficient that the vomica should become walled off and encapsulated 
by fibrotic tissue, thus preventing spread of infection. However, an 
anatomical disappearance of such a cavity is, according to the clinicians, 
an uncommon event. 

In presenting this paper, we do not intend to delve into the great mass 
of literature written on the question. We are rather inclined to agree 
with the majority of the American authors that nearly every annular 
X-ray shadow represents a cavity, and that its disappearance attests 
anatomical healing. In our series of cases there were, in addition, many 


1 The preparatory studies for this paper date back to 1925 (National Jewish Hospital, 
Denver, and University of Colorado). The studies were completed in 1927 in the East. 
2 Newark, New Jersey. 
’ Bedford Hills, New York. 
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clinical findings, such as elastic fibres, fluid-levels, etc., which indicated 
true cavity-formation. 

In this paper, we set as our goal, with the aid of roentgenographs, the 
demonstration of the following: 


1; The comparative study of the cavity in relation to the stage of the pul- 
monary lesion in which it occurs. 

2: A description of the tissue changes as these are revealed by roentgenographs 
in the various processes of healing. 

3: To point out in what stages of tuberculous lesions of the lungs the cavities 
are more prone to disappear. 


Under “‘stages of lung lesions,’’ we do not mean those classified by the 
American Sanatorium Association (1) (2), and based more upon the 
extent rather than upon the form of the lesion. Surely, the extent of the 
involvement has a great deal to do with a cavity’s healing. No one will 
deny that, the more extensive the area of destruction, the less capable is 
the lung in repairing it. However, as will be shown later, this is not the 
sole factor in the eradication of the cavity. 

Again, this classification relegates all definite evidence of cavity-forma- | 
tion to the far-advanced group of patients. This would necessarily ; 
convey ideas of their incurability. Indeed, many authors, including Hl 
Amberson, would regard their healing either through partial repair, 
which is expressed by dense fibrosis of the walls causing a relative 
decrease in their lumina, or by actual obliterating collapse of the walls 
through pleural thickening or contraction. 

Our cases cited below, as well as cases of cavities in infancy mentioned 
by others, especially by L. F. Meyer (3) during the starvation period in 
Germany, show clearly that excavation does not occur exclusively in far- 
advanced cases. For clinical and prognostic purposes, for which the 
National Sanatorium Association Classification was promulgated, a 
grouping of cavities under ‘‘far advanced”’ is justified. ’ 

The cavity is a source of constant danger. Haemorrhage and miliary 
spread are grave complications in cavernous tuberculosis, and they occur 
only too often. However, when we consider the possibility of anatomical 
healing, we cannot place all cavities under one heading. Each stage of 
the disease has its type of cavity-formation, as well as mode of repair. 

For our purpose, we accept as a basis the anatomicobiological classifica- i 
tion as it is offered by Ranke and Beitzke in the German literature, and by it] 
Krause in his work modified by recent researches. 8 
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Robert Koch showed in his experiments (to be detailed later) that an 
animal infected with tubercle bacilli reacted to a reinfection differently 
than a normal one, namely, in a more acute manner. The idea, there- 
fore, developed that phthisis, with its varied local and general reactions, 
is the final result, not of one, but of repeated endogenous or exogenous 
infections. It was then that an analogy between tuberculosis and other 
chronic infections, such as lues, asserted itself. However, much time 
elapsed before the three stages of syphilis described by Riccordi were 
made applicable to tuberculosis. Ranke deserves credit for having first 
demonstrated the three allergic stages in tuberculosis as they are set 
forth by clinical and pathological findings. 

The primary infect, described first by the French clinicians, Parrot and 
Kiiss, and elaborated later on the basis of a very large autopsy material 
by Ghon, is characterized by its subpleural localization, just at the sur- 
face of the lung, especially the right one. Ranke coined the term 
primary complex, which includes the primary infect and the corresponding 
regional hilum lymph nodes. During the stage of the primary complex 
the reaction is purely local. The body,asa whole, does not enter into the 
reaction. The parenchymatous lesion in this complex may be localized 
anywhere below the second rib, but never at the very apex. Considering 
the fact that the primary infect is bronchogenic, we can readily explain 
thislocalization. The bronchi, as they leave the hilum, pursue a straight 
course, coming to an end in the area of the lower two-thirds of the upper 
lobe. En route, small branches are given off in all directions. As the 
air-current is stronger in the straight channels, the bacilli are more likely 
to be deposited there. From these lesions, the bacillary products spread 
by way of the lymphatics to the regional lymph nodes. 

In regard to the histological picture, Ranke proved that the primary 
complex is usually more of a cellular and fibrinous reaction, an exudative 
lesion Later, if healing by absorption does not occur, the centre is con- 
verted into a caseous material. 

It is the opinion of Tendeloo that a caseous-pneumonic process is a 
secondary phenomenon, arising from an old proliferative nodule. How- 
ever, this is not in unison with recent research. Ranke disproved this by 
demonstrating the presence of elastic fibres in such lesions, these same 
fibres being absent ordinarily in the productive nodules. These findings 
were later confirmed by Sekler also. In the periphery of the main lesions 
are deposited smaller nodules, which the Germans call “resorption 
tubercles.”” These are formed by bacilli emanating from the central 
focus, and they are usually more of a productive character. 


FATE OF TUBERCULOUS CAVITY 599 


The prevailing opinion that the body reacts to the invasion of the 
tubercle bacilli as to a foreign body by a proliferative formation, and 
toward protein products in an exudative manner, has no concern with 
the facts mentioned. Rather, we should consider tuberculosis as an 
inflammatory process, which is usually characterized by three kinds of 
reaction, namely, exudative, alterative and proliferative. The pre- 


‘dominant reaction depends on the virulence of the microdrganisms. In 


an acute inflammatory process, as we have seen it during the war in 
autopsies of Russian peasants, the response is commonly exudative; 
in the chronic type, the response is more proliferative. Thus the focus 
immediately surrounding the bacilli is exudative in character, whereas 
in the tubercles deposited in the adjacent structures, where the virus is 
somewhat attenuated, the process is proliferative. 

In this connection it is important to consider another factor which 
will be of value for further discussion. It is generally believed that 
tuberculous nodules are avascular, thus serving as a differential diag- 
nosis between tuberculous nodules and syphilitic gummata, both patho- 
logical processes resulting in a coagulation necrosis. This view was 
asserted long ago by Virchow, whose conception was that the avascularity 
was the cause of the caseation. This same characteristic is pointed out 
by Krause (4) and Ranke (5). No one will deny that this is true in all 
lesions of the productive type. However, as Wurm (6) showed, there 
are cases in which the inflammatory process flares up, causing an hy- 
peraemia and the formation of new capillaries in the nodules. Such 
exceptions he found in those foci of tuberculosis which are of an exudative 
character. 

It has become trite to point that the healing of a primary complex 
occurs by encapsulation of the nodules by fibrous tissue, and the caseous 
material becomes calcified or ossified. Yet, it has been demonstrated 
by several pathologists that even in the fibrous-tissue capsule there are 
enclosed many small tubercles, containing living bacilli, which, on break- 
ing down, may give rise to endogenous reinfection. The lymphatic 
channels are usually thickened by strands of fibrous tissue which lead 
from the primary infect to the hilum lymph nodes. Roentgenologically, 
the complex is readily recognized by its location, and by the well-defined 
and compact density of the calcified nodules, as well as by its irregularity 
in outline. Graeff and Kiipferle describe this irregularity as Klee- 
blatiformig (clover-leaf like). This is due to the fact that the lesion 
grows by coalescence of the absorption tubercles with the primary infect. 
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With the invasion of tubercle bacilli into a blood-vessel directly, or by 
way of the thoracic duct, there will occur a miliary dissemination of 
infectious material. The body will respond to this invasion with an acute 
inflammatory reaction. This occurrence represents the generalization- 
stage or, from the biological standpoint, the second allergic stage of 
Ranke. Here, the liberated bacilli may be deposited by the blood- 
stream in any organ (liver, spleen, genitourinary tract, meninges, retina, 
etc.). We intentionally omit mentioning the pleura, as this organ may 
become involved even as part of the primary infect, either by contiguity 
because of its subpleural location, or by the lymphatic flow, which, as 
has been established, travels in two directions,—toward the hilum and 
toward the pleura. 

In the lung itself, this stage is marked by an interstitial involvement, 
the miliary tubercles being formed around the blood-vessels. These 
periarterial nodules are surrounded by marked hyperaemia, where we 
are prone to find leucocytes and lymphocytes in contradistinction to the 
primary complex, where lymphocytes are relatively rare. Ranke called 
this ‘‘circumfocal inflammation,”’ and emphasized this phenomenon as 
characteristic of the second allergic stage, thus varying from Tendeloo, 
who considered this condition of secondary importance merely as a 
collateral oedema. The extent of this perifocal inflammation is a 
measure of the bodily reaction to the virus. 

We might add that the experimental work of Koch has already alluded 
to this, though not as clearly as has been set forth by Ranke. Koch 
demonstrated as follows: When a nontuberculous guinea pig is inoculated 
with virulent tubercle bacilli, a period of about fourteen days will elapse 
before there will occur a compact nodule at the site of inoculation. Soon 
afterward the nodule will break down, and until the death of the animal 
there will persist an ulcerated area. Quite different is the case when a 
tuberculous guinea pig is reinoculated. In this instance a peculiar 
change takes place. Upon the first or second day following the 
inoculation, there occurs a localized, dusky discoloration. The adjacent 
structures are also involved. The altered skin becomes necrotic and 
sloughs off, leaving a flat, ulcerated surface, which usually soon heals 
without involving the regional lymph nodes. 

The difference between these two processes is not only in the time that 
intervenes, as many authors (Léwenstein, Haick) are inclined to believe, 
but also in the nature of the lesion itself. In the nontuberculous animal 
there is a compact nodule which is of the productive type. The lesion 
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of a tuberculous animal is more of an inflammatory or exudative charac- 
ter, which includes also the surrounding tissues. This fact coincides 
pretty well with the circumfocal inflammation of Ranke.‘ 

It appears that this perifocal inflammation has much in common with 
the “injection pneumonia” in the tuberculin era of Virchow. It was he 
who noticed a phlegmonous pneumonia in a tuberculous patient who 
had received an overdose of tuberculin. Later, Virchow surmised that 
in far-advanced cases such a process is possible without the injection of 
tuberculin. 

The exudative nature of the secondary stage is also represented in the 
lymph nodes, which are concomitantly involved. The Germans call 
these Kartoffeldriisen, in contradistinction to the involved lymph nodes 
in the primary complex, which are more compact. The fate of these 
metastatic nodules is either conversion into caseous material (in such 
instance no capsule will be found), or healing by cicatrization, and 
occasionally by absorption, which will be detailed later. 

Roentgenologically, the nodules of the second stage may be found 
anywhere in the lung, whereas in the primary complex the lesions are 
more often subpleural and in the lower two-thirds of the lung fields 
(Brown). The mottlings are round and of a washed-out appearance, 
and blend with the lung parenchyma. Should they become cicatrized, 
we may see fine fibrotic strands throughout the lungs. 

The anatomical picture of the third stage of progressive pulmonary 
tuberculosis, or, as Ranke called it, organic phthisis, is well known. 
Biologically, it assumes a uniform entity, which differentiates it from 
the first and second stages. The latter two are intrinsically related. 
In both instances the allergic reactions of the body to the virus are posi- 
tive, the reaction of the second stage varying from the first in degree only. 

In the third stage the body has acquired a condition of immunity, in 
which the blood and lymph-stream form a protective barrier to further 
infection. This immunity expresses itself in the fact that in this stage 
the lymph nodes are only slightly, if at all, involved. Krause showed 
that, upon intracutaneous injection of immune guinea pigs, the spread 
of infection is retarded and diminished either by bacteriolysis, or me- 


‘ This does not contradict our conception of the primary complex as of exudative nature. 
For the character of the inflammation does not depend solely upon the virulence of the 
microdrganism, but also upon the structure of the tissues involved. The skin, being a more 
compact structure, is not prone to succumb to exudative inflammation as the lung, which is 
more of a reticular composition (Huebschmann). ; 
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chanically, by an exudative and inflammatory process. In both in- 
stances, however, the hindrance to further invasion lies in the blood and 
lymph-stream only. The infection in the third stage spreads either by 
contiguity or bronchogenically, passing from one alveolus to the other, a 
passage which will eventually produce the acino-nodose phthisis de- 
scribed by Aschoff. 

However, the uniformity of the lesions in this stage is biological only. 
Anatomically, they may vary considerably. It is well known that the 
nodules in this stage are of a more productive character, consisting of 
epithelioid, giant and lymphoid cells. Probably the virus, as mentioned 
above, is attenuated, and the bacilli provoke a response very much like 
a foreign body. Yet, one may find frequently a nodule of exudative 
nature. The Dualitdtslehre of Virchow, and the classification of Ranke 
into exudative, productive and cirrhotic lesions refer to the third stage. 

Healing occurs with the collapse of the surrounding healthy alveoli. 
They eventually undergo an indurative process, and the involved nodules 
are transferred into hyaline fibrotic tissues in contrast to the fibrosis 
mentioned in the other stages, which is more collagenousin nature. (The 
cause for the hyaline change will be detailed later.) Thus, the cirrhotic 
healing, characteristic of this stage, comes into being. 

Roentgenologically, the third stage is readily recognized by the 
multiformity of the lesions. At one place the process may be healing 
by the formation of fibrotic strands, while in another the lesion may be 
breaking down and converted into caseous material. In one place, the 
material is more exudative, while in the other more productive. It is 
often easy to recognize the more recently involved areas from the older 
ones. The more ancient the involvement the more densely fibrotic it 
will appear. Should the lymph nodes remain uninfected through the 
first and second stages, or, if involved, should they heal, they will be only 
slightly, if at all, implicated in the third stage. 

We may now discuss the types of cavities in relation to the stages in 
which they are formed. Until recently, it was accepted that vomicae 
may form according to one method only. Due to the action of ferments 
and the absorption of water, the caseous material softens and is expelled 
through the bronchi. Such a cavity was comparable to a tuberculous 
abscess in other organs, with the difference that in the latter a fistula 
must form in order that the necrotic material can be evacuated, whereas 
in the lungs the bronchi assume the function of the fistula. 

This conception originated from the belief that tuberculous nodules 
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result either in caseation or are healed by cicatrization. Therefore, it 
was maintained that a lesion which disappeared, leaving no trace of 
fibrosis, was evidence of nonspecific involvement. However, recent 
investigators have proved that there is another manner of healing,— 
that of absorption. Baldwin and Gardner (7) described such a case. 
But, according to their observations, the process began also with casea- 
tion, and only later underwent retrogressive changes and was absorbed. 
They attributed this phenomenon peculiar to an infection with a certain 
strain of tubercle bacilli, which Trudeau artificially cultivated over a 
long period of time. According to many authors, especially in the 
German literature and as was described by Jacquin, there are tuber- 
culous lesions that set in, primarily, with an alveolitis, then change 
into liquefaction necrosis without undergoing caseation. 

The anatomical basis for these changes is not as yet determined, and 
in the literature one meets them under various names; for instance, the 
gelatinous infiltration of Laennec, desquamation pneumonia of Bull, 
vitreous pneumonia of Virchow, or congestive pneumonia of Bard. From 
all these descriptions, one fact stands out,—that in this instance the 
bodily reaction to the virus is a vigorous one. The leucocytic and the 
lymphocytic ferments may liquefy the tissues. Probably a secondary 
acute infection (diplococcus, Micrococcus tetragenus, etc.) also aids the 
process of liquefaction. Such a pneumonic lesion occurs in the second 
stage of Ranke, the prominent feature of which is the “circumfocal 
inflammation.” Clinically, this type of involvement is chiefly charac- 
trized by hectic fever, tachycardia, and profuse expectoration; and 
perhaps the pathological picture of a leucocytosis, which we occasionally 
observe in tuberculosis, is provoked by this pneumonia. The fact that 
Bender and DeWitt (8) found no anatomical difference between animals 
dying with a leucopoenia and those dying with a leucocytosis does not 
deter us from our standpoint, as this type of pneumonia may disappear 
by absorption. 

Roentgenologically, this pneumonia, anatomically nonspecific yet 
aetiologically specific, represents itself in the following ways: 


1: Gradual but ultimate clearing of the affected lobe, which may occur after 
weeks, months or years (resorption). 

2: The previous homogeneous shadow dissolves gradually into single small 
spots, which become more and more compact (fibrosis). 

3: The shadow remains, becoming more dense and showing signs of contrac- 
tion (cirrhotic carnification of Ceelen (9)). 
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4: Or, in unfavorable cases, after a while there appears in the X-ray a cavita- 
tion, that is, the liquefied necrotic mass is brought up and expelled through the 
bronchi. 


Thus we may differentiate between two types of cavities, one caseous 
and the other pyoid. They also may vary morphologically. In the 
caseous type, the expansion of the cavity occurs through the coalescence 
of the peripheral caseated resorption tubercles mentioned above, and is 
analogous to the primary complex of Ranke. The finding of such re- 
sorption tubercles in the walls of the cavity has proved this. Therefore 
the contour of such a cavity is always ragged and irregular. Further- 
more, since the process is carried on from the periphery toward the 
centre, and as the shape appears moth-eaten, one is reminded of a 
sequestrum. Hence, we may call these sequestrum cavities. From our 
entire description we may conclude that this type of vomica is more 
likely to occur in the first allergic stage. 

There is still another entirely different type of cavity, which, in the 
X-ray film, looks more or less round and on gross section the walls gape, 
the whole excavation appearing as though chiselled out. The walls are 
smooth and do not possess resorption tubercles. The entire process 
indicates a concentric spread from one focus, gradually encroaching 
upon the periphery. Such cavities Rémer (10) found in reinfected 
animals. The pathological picture is identical with that which occurs 
in a tuberculous animal with an inflammatory focus in the lungs when 
reinfected. Also, here the inflammatory process spreads centrifugally, 
and we are confronted with the circumfocal inflammation of Ranke. 
From this analogy we may conclude that this cavity, which we call 
concentric, is formed from lesions of the exudative type, which were 
ultimately converted into liquefaction necrosis (pyoid). In the sputum 
of such cavities we rarely find tubercle bacilli, although the sputum may 
be loaded with elastic fibres. We are dealing here with typical cold 
abscesses, in which the tubercle bacilli are destroyed by the leucocytes 
and enzymes.® 

Thus, in contrast to the cavities described previously, we are more 
likely to find this type in the second allergic stage. It was mentioned 


5 After this article was finished we received the Beiirdge sur Klinik der Tuberkulose, vol. 
lxvit, nos. I-3, and noticed that Schminke (p. 123) also discusses this question. However, 
we are not convinced by his statement that the sequestration form occurs in a more acute 
process while the pyoid form shows a more chronic course. 
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above that in the walls of these vomicae resorption tubercles are not 
found usually. The explanation may be that the exudate, leucocytes 
and lymphocytes, efficiently destroy the bacilli. The same thing occurs 
in the cold abscess of other organs, where, in contrast to caseated 
foci,® the bacilli are not found. 

We ordinarily recognize a cavity on the X-ray plate by the diminished 
transmission of light due to its walls. The tissue within the cavity can 
be either similar to the other pulmonic tissue, with all its various mark- 
ings, or differentiated by a haziness. Either condition depends upon the 
integrity of the parenchyma, which lies in front of and behind the cavity, 
and which appears incorporated within its walls. 

Usually, in the primary complex, the perifocal involvement is minute, 
if present at all, and hence the tissues seen intramurally will retain the 
normal lung-markings. Such cavities are difficult to determine by 
physical examination when they are localized centrally. Cavernous 
breathing is masked, then, by the interposed healthy lung substance, 
and no rales can be heard because the surrounding tissues are not in- 
flamed. This is the so called silent cavity. 

In the second allergic stage, in which the perifocal inflammation is 
quite marked, the enclosed tissue will appear dim and obscured. 

The location of the cavity can also offer us aid in determining to which 
stage it belongs. Those vomicae found in the lateral portions of the 
lungs, distal to the terminations of the bronchi, are characteristic of the 
primary complex. As these cavities are localized subpleurally, it is 
difficult to differentiate them, even by various roentgen exposures as 
suggested by Erbsen (11), from annular shadows due to pleural adhesions. 
The vomicae of the second stage may be found anywhere in the lung 
fields with the possible exception of the apex. In this type we are more 
likely to find a fluid-level on account of its exudative character. 

The vomicae of the third stage are very difficult to describe. The 
thick, indurative walls, impregnated with caseous material, together 
with the surrounding infiltrative processes, show a broad dense shadow, 
which does not expand in a circular manner, but is bordered by recesses 
and prominences. In most instances, this type of cavity begins in an 
apex and extends downward. Within the excavations can be seen 
strand-like densities, the remnants of destroyed bronchi and vessels, 
passing from wall to wall. Multiple cavities may lie in apposition, 


6 See Archives of Pathology, July, 1927 (Opie and Aronson, differing from other authors, 
found tubercle bacilli in caseated material taken from the apex only). 
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separated by a thin wallonly. Some of them may be partially filled with 
fluid. At times the surrounding exudative and proliferative processes 
render the recognition of the cavity difficult. Since this stage reveals 
a concomitant variety of pathological findings, such as fibrous, caseous 
and cavernous, the term fibro-cavernous is justified. 


We are presenting a few cases from material gathered during a period 
of over three years, which will demonstrate the different stages. It was 
difficult to find cases with typical primary lesions. However, we suc- 
ceeded in detecting cases of infraclavicular cavities as illustrative of the 
primary complex and its consequences, a fact which Assmann and others 
have proved. Even those that do not share this view consider these 
lesions as “subprimary.” We chose cases in which the cavities dis- 
appeared spontaneously, and in choosing these we disregarded cases 
which, even though better suited to our purpose, did not reveal this 
condition. 


1: Female. Sick one year. Onset with cough and expectoration, loss of 
weight, pain in right side. Sputum negative. Physical Findings: Impair- 
ment and increased whisper right upper lobe, no variation in breath-sounds, 
very few scattered rales. During stay in institution, temperature 100°F. on 
several occasions. On admission, X-ray showed isolated circular cavity 
below second rib, about 3.5 cm. in diameter, in which fluid-level was present. 
Inner wall of vomica sharply defined and regular. Outer wall, however, 
irregular, and not markedly defined. Thickness of wall about 3 mm. Tissues 
within cavity looked similar to normal pulmonic structure. Hilum lymph 
nodes thickened and studded, and one could see strands extending from hilum 
to the cavity. Under conservative treatment, cough and expectoration 
ceased. Patient ran subfebrile course; gained 15 pounds. Physical findings 
remained same, except for slight increase in the dry rales in right upper lobe. 
X-ray, 9 months later, showed marked diminution in size of cavity, with 
fibrosis. Absence of continuous fever and physical findings indicated that 
this condition was not of metastatic nature. The fact that no calcified 
lesions were present and that fibrotic strands were leading from the cavity to 
the hilum, showed that the site of the primary complex was the area occupied 
by the cavity. The normal-appearing tissues within the walls indicated 
the absence of perifocal inflammation, which is characteristic of the generaliza- 
tion stage. The slight increase in rales, apparently, was due not to more 
moisture, but to the thickening and cicatrization of the bronchial walls, which 
thickening is augmented by the collapse of the cavity. 
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2: Male. Sick 6 to 8 months. Temperature 101 to 102°F., rapid pulse, 
cough, expectoration, haemoptysis, pain in right chest. Sputum negative, 
elastic fibres positive. General malaise and marked loss of weight. Physical 
Findings: Moist rales from apex to base of right lung and at left base. Caver- 
nous breathing, exquisite pectoriloquy over right upper lobe. X-ray showed 
large, sharply defined, round excavation, with thick walls, in right apex, and 
washed-out nodular infiltration of right middle lobe and left base. These 
mottlings were apparently of same size, and of same period of development. 
From lower aspect of cavity were drainage bronchi, leading to hilum. Cavity 
oval and sharply defined. In six months, fever and periodic streaking sub- 
sided definitely. Cough and expectoration stopped. Gain of about 20 
pounds. One year later, all rales had practically disappeared. X-ray at 
that time showed absence of cavity, with deposit of fibrous strands upon its 
site. Lower lobes, especially left one, showed marked clearing. 

To summarize, we might say that the clinical and roentgenological findings 
were typically those of the second stage. -High fever and night-sweats in- 
dicated a vigorous bodily response. The disseminated, washed-out nodules 
demonstrated a metastatic process. The shape of the cavity suggested that it 
was formed by a concentric expansion from one focus, as was described above. 
This concentric or pyoid cavity, as well as ten negative findings of tubercle 
bacilli, while elastic fibres were positive, gives us sufficient reason toconsider 
this exudative process as of the liquefaction-necrosis type (see above). The 
healing proceeded by absorption of the nodules and by the fibrotic closing of 
the cavity. 


3: Female. Age 24. Sick one year prior to admission. Profuse night- 
sweats, high fever, loss of weight, rapid pulse, weakness, cough with but little 
expectoration, characterized course. Sputum positive. Physical Findings: 
Signs of excavation, with moist coarse rales, cavernous breathing, and 
pectoriloquy in right upper lobe. Also medium to coarse rales over left apex. 
X-ray on admission disclosed homogeneous density, extending from clavicle 
to fourth rib on right. Within this density was a cavity. It appeared as 
though cored out, and about 1.5 cm. in diameter. Tissue within cavity hazy. 
A few infiltrations in left apex. During residence at sanatorium patient 
developed gastrointestinal symptoms, persistent diarrhoea and abdominal 
cramps. Intestinal tuberculosis suspected. Also suffered from chronic 
catarrhal otitis media, probably specific. After one year of sanatorium treat- 
ment temperature became normal, night-sweats disappeared, and patient 
gained about 20 pounds. X-ray one year later showed complete disappear- 
ance of cavity and homogeneous density, leaving numerous fibrous strands. 
(Unfortunately, the X-ray plates of this case are not available at this time.) 
Fever, night-sweats, gastrointestinal disorders, as well as chronic ear condition, 
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are evidences of the generalization stage. X-ray also confirms this view. 
Thus, this case is similar to the second, with the difference that, instead of 
healing by absorption, there occurred fibrosis. 


4: Male. Age27. Onset seven years ago, following pneumonia. Recovered 
and at work until one year ago, when developed fever (104°F.), cough, night- 
sweats, loss of weight, and haemoptysis. Sputum positive. Since admission, 
ran an afebrile course. Sputum positive, with many elastic fibres. Physical 
Findings: Impairment and rales from apex to fifth rib on left. X-ray revealed 
multiple cavitation from left apex to fifth rib. The vomicae separated by thin 
walls, and within the cavities were fibrotic strands, apparently remnants of 


Fic. 1. X-ray of case 1, showing isolated circular cavity below right second rib, in which 
fluid-level is present. Inner wall of cavity sharply defined, and regular. Outer wall irreg- 
ular, and not markedly defined. Thickness of wall about3mm. Tissue within cavity 
similar to normal lung structure. Hilum lymph-nodes thickened and studded. Strands 
extending from hilum to cavity. 

Fic. 2. X-ray of case 1, taken 9 months later, showing marked diminution in size of 
cavity, with fibrosis. 

Fic. 3. X-ray of case 2, showing a large, sharply defined, round apical cavity, with thick 
walls and washed-out nodular infiltration of right middle lobe and left base. Mottlings 
apparently of same size and same period of development. Bronche de drainage leading from 
lower aspect of cavity to hilum. 

Fic. 4. X-ray of case 2, taken one year later, showing absence of cavity, with a deposit of 

‘ fibrous strands upon its site. Marked clearing of lower lobes, especially on left. 

Fic. 5. X-ray of case 4, revealing multiple cavities from left apex to fifth rib. Cavities 
separated by thin walls, fibrotic strands within, probably remnants of destroyed bronchi 
and blood-vessels. Besides this, one may note connective tissue and various nodules. 

Fic. 6. X-ray of case 4, taken six months later, showing findings identical to those of 
admission plate (fig. 5), except that the large excavation extending from apex to sec- 
ond rib appears covered with a uniform density. Owing to the opacity of this shadow, 
the cavity cannot be seen. Cavity probably collapsed and masked by overlying pleura. 
Picture characteristic for “organic phthisis” of Ranke. Repair took place by cirrhotic proc- 
ess involving adjacent pleura. 


destroyed bronchi and blood-vessels. Besides this, there could be noted 
fibrotic connective tissue and various nodules. During ten months’ residence 
in sanatorium, patient gained about 10 pounds and was persistently afebrile. 
Sputum positive. X-ray, six months following admission, revealed findings 
identical with those of previous plate, except that the large excavation, which 
extended from apex to second rib, appeared covered with a uniform density. 
Owing to the opacity of this shadow, the cavity couldnot beseen. Itseemsthat 
the vomica collapsed and was masked by the thickened overlying pleura. The 
entire picture belongs to the progressive pulmonary tuberculosis of the organic 
phthisis of Ranke. In this case the repair took place by a cirrhotic process 
which involved the adjacent pleura. 
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We have demonstrated several selected cases representing different 
stages which show the disappearance of cavities. The question arises 
of whether there is a certain stage in which the cavity is more prone to 
heal than in the others, and if any one stage has a particular manner of 
healing. It is known that three conditions are essential in the repair of 
lesions in any organ. ‘These are as follows: 


1: The lesion must be aseptic. 
2: There must be drainage. 
3: The tissues. must be in apposition. 


The difficulty engendered in the healing of a tuberculous cavity is due 
to the apparent absence of the conditions just mentioned. Lubarsch 
and others found tubercle bacilli in the indurative fibrotic strands. The 
“resorption tubercles” in the walls of these cavities bear confirming 
evidence of this finding. In this respect the second allergic stage, 
especially the exudation leading to liquefaction-necrosis, as mentioned 
above, has a more favorable outlook, due to the relative absence of 
“resorption tubercles” and tubercle bacilli. By this statement we do 
not wish to refute the generally accepted conception of the malignancy 
of the exudative type. This holds true only in the general prognosis of 
the case, but not in the healing of the cavity. From a biological view- 
point, the formation of a cavity by itself was considered by many authors 
as a purification process. The fact that in the exudative stage there is a 
greater tendency toward rapid excavation shows that this type is more 
prone to heal by the sloughing off of the necrotic tissues. 

When we consider the drainage of cavities we must take into account 
their location. It was shown by Ameuille and Levesque (12) that the 
cavities are supplied by a so called bronche de drainage, which usually 
becomes wider due to the inflammatory process. Clinically, it has been 
shown by Ameuille and Wolf (13) that drainage takes place through 
such a bronche de drainage which leads to the hilum (figure 7). 

Should the cavity be located in the upper lobe, the bronche de drainage 
will lead from its inferior aspect. ‘Thus, removal of the necrotic material 
is facilitated. The cavities of the lower lobe have their channels leading 
from their superior aspect. Thus, the drainage is more difficult. 

The third condition upon which the healing of lesions depends, namely, 
the apposition of their walls, is favorably influenced in the lung by its 
periodic contractions. ‘This is due to the presence of elastic fibres. In 
the exudative type this condition is particularly found, as here the 
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elastic fibres are preserved. In the productive type there is an absence 
of these fibres, and the cavity is more like a foreign body, taking no part 
in the contractions of the lung. All this serves to make the cavities of 
the exudative stage more analogous to abscess cavities caused by other 
microérganisms. The disappearance of such excavations was de- 
scribed by Wessler (14). 3 

As was shown above, the infraclavicular cavities are usually of the 
exudative type. Their location renders them more favorable for drain- 
age. In addition, they are usually located where the excursions of the 
lungs are not very wide. Therefore, the infraclavicular cavities present 


R. L. 


Fic. 7. X-ray sketch of cavities with bronche de drainage. Good drainage from cavity in 
right upper, poor drainage from cavity in left lower lobe. 


a group by themselves which are more likely to disappear without inter- 
ference. 

On the other hand, the fibrocavernous type of the third stage, with its 
thick indurated walls permeated with caseous material, does not yield 
to pulmonary contractions. Hence, healing very seldomoccurs. Should 
repair take place, it will present the following picture: The walls of the 
cavity appear shrunken, while the cavity itself is collapsed and is 
eventually obliterated, either by its contents or by the thickened pleura, 
which sends fibrotic strands over it. Therefore, in such cases, the X-ray 
shows a dense shadow covering not only the area involved, but also the 
surrounding surface. As the older lesions are more often apical, we find 
the pleura thicker and the shadow more dense here. To this kind of 
repair the term “‘cirrhotic’”’ has been applied. 
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A true healing of cavity may occur in the first and second stages only. 
In such instances we notice that the cavity becomes gradually smaller 
and the walls thickened. These changes progress until the site of the 
cavity is marked only by a small fibrotic deposit. This may be seen in 
the X-ray plate, as it causes a diminished transmission of light. How- 
ever, in some roentgen plates we were unable to trace even such small 
fibrotic strands, and one is inclined to assume that regeneration may 
occur with real lung parenchyma. This phenomenon may be explained 
two ways. 

It was shown by Puhl and Ghon that the primary complex heals not 
only by calcification, but also by ossification. Aschoff, himself, in his 
Lectures on Pathology, describes the primary focus as developing a 
specific granulation, which gradually becomes a hyalinized fibrous-tissue 
scar. In his studies on the histological morphology of tuberculosis in 
guinea pigs Vogel differentiated two kinds of connective tissue. One was 
dense and thick, with a paucity of nuclei and more or less hyalinized. 
This type he found in the immediate vicinity of the nodules (the nodules 
were always productive in character). The connective tissue more 
distant from the nodules was of collagenous nature and the cells were 
rich in nuclei. Apparently the first type of fibrous tissue was trans- 
formed from the epithelioid cells while that of the second variety may 
have originated from the preéxisting interstitial tissue, that is, aleveoli, 
blood-vessels, etc. It may be that this kind does not cast a shadow on 
the X-ray plate. 

Should this reasoning be correct, we might say that the roentgeno- 
logical picture of the restoration will aid us to determine whether the 
former cavity was of a productive or of an exudative character. In 
considering this matter, we have adhered to the accepted rule that 
parenchymatous regeneration does not take place. The degenerated 
parenchyma is usually replaced by connective tissue only. Thus, the 
destroyed bronchi and alveoli are never restored. 

However, in reviewing the works of many authors we may conclude 
that the lung in this regard represents an exception. Borst (15) writes 
as follows: Pulmonary wounds are repaired by connective-tissue scarring. 
When they heal by first intention, the ultimate scars are often very 
minute. The microscopic picture bears evidence that a portion of the 
recently formed scar-tissue expands, due to the influx of air into the 
surrounding alveoli, and, owing to the regeneration of alveolar epithe- 
lium, this scar-tissue is transformed into real functionating respiratory 
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structure. Among the works of other writers we find Friedlander (16), 
Hart (17), and Kromayer (18), who discuss this problem. Friedlander 
produced aspiration pneumonia in an animal, and on necrospy found 
heaps of cuboidal cells and trough-shaped recesses in the bronchial 
walls. These recesses were lined with cuboidal epithelium which in- 
filtrated the neighboring alveoli. In the pneumonias of children and in 
tuberculosis, these cells assume a markedly tubular shape. Hart 
maintains that the cuboid epithelium serves as evidence that the tubules 
arise either from the alveolar septa or from the respiratory bronchi. 
Kromayer broaches the question as to whether a regeneration of de- 
stroyed or degenerated alveoli is possible and whether, in the course of 
time, these heaps of cells are transformed into real respiratory paren- 
chyma. Should this question be answered in the affirmative, then those 
X-ray plates showing no trace of preéxisting cavities can be readily 
explained. In any case, one condition necessary for this regeneration 
must be the presence of healthy tissues immediately surrounding the 
diseased area, and this occurs particularly in the exudative stage. In 
progressive pulmonary tuberculosis, where nearly the entire lung is 
diseased, there are very few healthy alveoli or respiratory bronchi from 
which regeneration may arise. 


SUMMARY 


1. By the shape of the cavities and by the thickness of their walls we 
may determine the allergic stage in which they are formed. The fate 
of the cavity depends upon the stage of its formation. 

2. There may be two types of cavities formed in the second stage: 
one through caseation, called ‘“‘sequestrum cavity,” and the other formed 
through liquefaction-necrosis, called ‘‘concentric.”” The kind of tuber- 
culosis resulting in liquefaction-necrosis is more readily absorbed. 

3. There is a difference between the healing and the repair of a cavity. 
The latter process occursin the third stage, in which the cavity is collapsed 
and masked by a thickened pleura. Healing takes place in the first two 
stages, by connective tissue replacing the destroyed parenchyma. 

4. It is possible that healing can occur through the regeneration of 
parenchyma. 

5. Infraclavicular cavities, because of their location and the stage 
in which they are usually formed, show a strong tendency to spontaneous 
healing. 
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Addendum 


After the above paper had been sent in for publication, we came across a 
recently published book, Pathologische Anatomie der Tuberculose, by 
P. Huebschmann (Springer, Berlin, 1928). 

The author (p. 152) claims never to have seen a sequestration cavity. In 
our paper we stressed the mode of cavity-formation, not discussing the pres- 
ence or absence of sequestra. The roentgenographs show that the walls 
bounding such a cavity are irregular and zig-zag in shape, which indicates the 
source of the vomica as by sequestration. In all possibility, we would be able 
to find it in the cavity at a certain definite stage of development. There is no 
wonder that the pathologist who handles the more advanced cases will not 
find sequestra. The latter, by its very nature, separates itself from the living 
tissue, floats upon fluid, and is emitted through the mechanical action of 
coughing. 

Furthermore, Huebschmann maintains that cavities with and without fluid 
are of the same origin. The only difference lies in their stages of development. 
He therefore suggests calling them gereinigte and ungereinigte (that is, com- 
plete or incomplete) cavities. We agree with him in most cases. However 
there exist some cases, which, as we pointed out, have an entirely different 
origin, namely pyogenic. In a second article it will be proved that the 
origin of the latter is of an entirely different character. Some of these 
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evidences are pointed out in the present paper. Huebschmann, true to his 
conception, in discussing the problem of healing (p. 260), does not differentiate 
between ‘‘complete” and “‘incomplete’’ cavities. Nor does he touch upon the 
question of the location of the cavity. He assumes it to be an axiom that 
healing can be accomplished only through scar-tissue. As we have shown in 
our paper, one no less than Virchow himself is inclined to hold the view that a 
restitutio ad integrum of the parenchymatous tissue can follow in the lungs. 
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A STUDY OF THE ADRENALIN REACTION IN 
TUBERCULOSIS PATIENTS! 


W. F. PETERSEN anp S. A. LEVINSON 


The reaction of tuberculosis patients to the subcutaneous injection of 
adrenalin has interested a number of observers. Particularly Guth (1), 
Glaser (2), Dugge (3), and Samogyi (4) have studied the reaction in 
detail, and have associated the presumptive autonomic status revealed 
by the reaction, to the clinical course of the disease.., 

Their studies have revealed the change in the reaction of the body that 
takes place as the result of the infection, the early cases revealing lability 
of the autonomic system, late cases showing anergy of either vagus or 
sympathetic reactions. 

Samogyi has examined the relation of the autonomic reaction to the 
injection of specific antigen (tuberculin). He believes that the primary 
reaction is vagotonic (tending to sleepiness (without refreshment), 
thirst, water-retention and increased weight, oliguria, globulinaemia, 
etc.), and later, with maximum absorption of the antigen, a sympa- 
theticotonic stimulation occurs with reversal of the picture. 

Our own interpretation of this phenomenon is based on the commonly 
observed diphasic character of autonomic reactions, and we have assumed 
that, while the primary reaction is vagotonic in its character, the sym- 
patheticotonic reaction which follows is that which we associate with 
improvement. 

During the course of the past year we have been interested in an 
examination of the reactions of tuberculosis patients, in an endeavor to 
correlate blood chemistry, the autonomic status, the immune reactions, 
the skin sensitivity to light, etc., with the clinical-pathological status 
existing at the time of examination. Incidental to this study, the 
patients were injected with 0.5 cm. of 1 to 1000 synthetic suprarenin 
(Metz), and the systolic and diastolic blood-pressures and the pulse-rate 
were measured every 5 minutes for one hour after injection. In addition, 
observations were made for a second hour following massage of the area 

1 From the Department of Pathology, University of Illinois, College of Medicine, and the 
Research Laboratory of the Municipal Tuberculosis Sanitarium, Chicago. 
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Weight-curves of patient used for the study. Centre line indicates the day of examination. 
Abscissae indicate weeks during observation. 
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Cuart 5 


Individual blood-pressure reactions following subcutaneous injection 0.5 cc. Metz supra- 
renin 1 to 1000. Classification indicated by abbreviations at left. Weight-curve indicated 
by direction of black bar. Heavy line of curve indicates systolic blood-pressure. Dotted 
line indicates so called cardiac output. Patients’ number indicated at right. Curves 
classified on the basis of systolic blood-pressure. 
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CHART 6 


Individual blood-pressure reaction following subcutaneous injection 0.5 cc. Metz supra- 
renin 1 to 1000. Weight-curve indicated by direction of black bar. Heavy line of curve 
indicates systolic blood-pressure. Dotted line indicates so called cardiac output. Patients’ 
number indicated at right. Curves classified on the basis of so called cardiac output. 
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of injection, a procedure which makes evident the fact that the adrenalin 
has not been oxidized or destroyed, but that a further effect can be 
obtained with expression of further adrenalin from the subcutaneous 
depot. 

In this paper we wish merely to present the adrenalin curves so 
obtained, and the conclusions that may tentatively be drawn from a sur- 
vey of the reactions as they are related to the clinical status of the patient. 


TABLE 1 
Groups arranged on the basis of change in systolic blood-pressure 


NUMBER 
IN GAINING 
GROUP 


LOSING 


Sympathetic group 


ber cent | per cent 


Of the 42 cases in the sympathetico- 
tonic group, there are 
17 far advanced cases (40 per cent), 


13 moderately advanced cases (13 per 
cent), of these 
12 minimal cases (29 per cent), of 


Parasympathetic group 


Of the 41 cases in the vagotonic group, 
there are 

22 far advanced cases (53 per cent), of 

27 45 

12 moderately advanced cases (29 per 

cent), of these 50 33 

7 minimal cases (18 per cent), of 


30 70 


We have made our classification in two ways: first, on the basis of 
minimal, moderately advanced or far-advanced cases and, second, on the 
basis of the status of the weight curve at the time of examination. We 
have grouped these latter curves as gaining, stationary and losing. We 
are aware, of course, that this classification cannot take into considera- 
tion the possibility that in some cases we are dealing merely with water- 
retention and with no real improvement of the patient. The weight 
curves for several months before and after the day of examination are 
presented in the curves shown on charts 1 to 4. 


— 
per cent | per cent 
1 7 
2 10 
3 14 
5 9 
6 
7 27 
27 
17 
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In chart 5 the individual curves have been arranged on the basis of the 
systolic blood-pressure reaction. Group 1, for instance, comprises the 
cases in which there was an immediate increase, with a persistence of 
this increase during the course of the next hour; group 2, those cases in 
which there was an immediate increase with a subsequent fall; group 3, 
those cases in which there was a primary increase of varying extent with 
a subsequent return to the normal; group 4, those cases in which the Ht 
primary reaction was still sympatheticotonic, but in which considerable 
depression followed during the course of the next hour. Groups 5, 6 and ; 
7 comprise the cases with a primary depression of the systolic blood- 
pressure, followed either by ultimate recovery or increase (groups 5 and 
6), or those cases with a primary decrease and a persistent and long- 


TABLE 2 
Groups arranged on the basis of pulse-pressure X pulse-rate 


LOSING 


STATION- NOT DE- 
TERMINED 


Sympathetic group (55 cases, 66 per cent) (Groups 1, 2, 3, 4, 5, chart 6) 


25 far advanced cases (45 per cent) of these............. 
17 moderately advanced cases (31 per cent) of these...... 41 35 23 
13 minimal cases (23.5 per cent) of these................ 


Parasympathetic group (28 cases, 33 per cent) (Groups 6, 7, 8, cha t 6) 


14 far advanced cases (50 per cent) of these............. 35 35 30 
8 moderately advanced cases (28 per cent) of these...... 62 25 12 
6 minimal cases (21 per cent) of these ................ 16.6 83 


continued fall in blood-pressure (7). The abbreviations at the left of 
each chart indicate the clinical classification, and the black bar indicates 
whether the patient was gaining or losing in weight or was stationary. 
The analysis of these cases is presented in table 1. 

In chart 6 the same material has been arranged on the basis of the 
so called cardiac output (that is, pulse-pressure < pulse-rate), and the 
analysis of the material shown in this chart is presented in table 2. 


DISCUSSION 


In previous work we had occasion to study 100 so called “normal” 
individuals (5). Of these ‘normal’ individuals, however, only 20 
proved to be perfectly normal (examination of urine, skin capillaries, 


per cent per cent per cent 
« 
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roentgenographic, physical, history, etc.). In the larger group there 
were 9 individuals who gave evidence of a distinctly healed pulmonary 
tuberculosis (roentgen examination) and 9 individuals with an active 
parenchymal tuberculosis (roentgen examination), the majority of whom 
were old chronic cases, in one case with a history going back more than 
30 years. When we examine this material and compare it with the 
sanatorium cases, we find that the average adrenalin reaction for the 
healed parenchymal cases is increased over the normal, somewhat dimin- 
ished for the active parenchymal cases, and becomes negative for all the 
sanatorium material. These relations are brought together in table 3. 


TABLE 3 


ADRENALIN 
TYPE OF CASES AGE REACTION 


So called normal material 


Normal 38 
Healed parenchymal 42 
Active (chronic) parenchymal 58.7 


Active sanatorium material 


Active, gaining 28.6 89 —5 
Active, stationary 196 88 
Active, losing 33.2 180 91 —5 


* Weight in pounds divided by length in inches. 
{ The figure represents the average percentage of increase or decrease of pulse-pressure 
for one hour following adrenalin injection as compared with the preinjection level. 


It will be noted that the pulse-rate is somewhat increased for the 
healed parenchymal, as well as the active parenchymal cases, and that 
the weight /length ratio diminishes progressively, as might be expected. 

When we analyze the results of table 1, it seems permissible to draw 
the conclusion that cases that are gaining in weight, irrespective of the 
anatomical status of the tuberculosis, are cases in which the injection 
of adrenalin is more often followed by a sympatheticotonic type of re- 
action, whereas fewer cases are in the gaining group if the adrenalin in- 
jection is followed by the vagotonic type. On the other hand if we base 
our analysis, as we do in table 2, on the so called “cardiac output,” in 
which the relation of the pulse-rate is included, then the reaction seems 
to have much less significance in its relation to the clinical course. 

In other words, it would seem that our results tend to confirm a con- 


| 
CASES 
per cent 
20 229 66 15 
9 221 76 21 
9 215 78 11 
36 
32 
13 
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clusion previously reached (6), namely, that the sympatheticotonic type 
of cardiovascular reaction to adrenalin is, in general, to be associated 
with increased resistance to tuberculosis, estimated either on the gain 
in weight of the patient or on the relative chronicity of the lesion. This 
becomes apparent too, when we analyze table 3, where it is to be noted 
that the adrenalin reaction is perceptibly increased in the healed paren- 
chymal cases and is still almost normal in the active cases of long stand- 
ing, while the average for all three sanatorium groups is distinctly 
vagotonic. 


CONCLUSIONS 


The analysis of the adrenalin reaction made on 81 tuberculous indi- 
viduals indicates that there is some relation between the type of reaction 
and the weight curve. 

1. A larger proportion of the cases showing a sympatheticotonic type 
of reaction are in the groups that are gaining in weight. 

2. Independently of the anatomical classification, both the healed 
parenchymal types, as well as individuals showing great chronicity, 
have, as a rule, a normal or increased sympatheticotonic type of reaction. 


REFERENCES 
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(6) PETERSEN, W. F., AND Levinson, S. A.: Amer. Rev. Tuberc., 1927, xv, 681. 
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COMPOSITE CURVES OF CARDIOVASCULAR REACTIONS 
FOLLOWING ADRENALIN INJECTIONS IN 
TUBERCULOSIS PATIENTS! 


GEORGE E. DeTRANA anp JOHN G. HILLEBRAND 


In a preceding communication Petersen and Levinson (1) have pre- 
sented the results of an examination of the adrenalin reaction in tubercu- 
losis patients and, on the basis of an analysis of individual reactions, 
have established correlations between the reaction and the weight-curve. 

We have taken the same material, and have prepared a series of graphs 
to illustrate the composite blood-pressure curves of these cases: first, 
when arranged according to the weight-curve of the patients, and, 
second, when arranged according to the clinical classification. ) 

When we compare the results of the systolic blood-pressure of the 
gaining, stationary and losing groups, it is apparent that, while the 
stationary and losing groups show no increase, the curve of the gaining 
group has a sympatheticotonic tendency for the first half-hour and then 
shows a drop typical of the normal diaphasic adrenalin reaction Fontek 
and Ucko (2)). 

On the other hand, the pulse-rate, which is practically level for the 
stationary and gaining groups, increases progressively in the losing 
group. 

The curve of the so called cardiac output (pulse-pressure X pulse-rate) 
indicates the most marked increase in the gaining group. 

When we turn to the graphs illustrating the averages for the minimal, 
moderately advanced and far advanced curves, we note that the average 
systolic blood-pressure diminishes in all three groups (vagotonic), the 
groups differing only in that the minimal and moderately advanced cases 
recover within the hour, at which time the far-advanced cases still have 
a lower systolic blood-pressure than before the injection. 

The minimal group is much less responsive than the other groups as 
far as pulse-rate is concerned. 


1 From the Department of Pathology, University of Illinois, College of Medicine, and the 
Research Laboratory of the Municipal Tuberculosis Sanitarium, Chicago. 
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Composite curves of systolic blood-pressure, pulse-rate and so called cardiac output (pulse-pressure X pulse-rate) of tuberculosis pa- 
tients, classified on the basis of weight-curves. 
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CURVES OF CARDIOVASCULAR PATIENTS 


CONCLUSIONS 


Composite blood-pressure curves of tuberculosis patients, following 
the subcutaneous injection of 0.5 cc. of 1-1000 suprarenin indicate that: 
1. Minimal, moderately advanced and far advanced cases have in 
general vagotonic reactions. 

2. Recovery from the effect takes place with an hour in the minimal 
and moderately advanced cases, while the far advanced cases show a 
prolonged effect. 

3. The pulse-rate of the minimal cases is affected least, and of the 
moderately advanced group most. The far advanced cases show a 
primary slowing of the rate (vagotonic). 

4. The curves of the cardiac output are not characteristic. 


When arranged on the basis of the weight curves: 

1. Cases that are gaining have a primary sympatheticotonic reaction. 
The systolic blood-pressure of the stationary and losing groups remains 
level or diminishes. 

2. The pulse-rate of the losing group shows the greatest increase. 
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629 
i 
| 


THE REGENERATION OF ACID-FASTNESS IN 
APPARENTLY DEGENERATED TUBERCLE 
BACILLI’? 


HENRY C. SWEANY 


This report relates the passage through guinea pigs of rapid-growing 
acid-fast variants of tubercle bacilli, resulting in a restoration to the 
variants of apparently typical human-type characteristics. The litera- 
ture, detailing such work, as carried out to the point of culturing and 
typing the resulting strains of acid-fast bacilli, is scanty. Various 
authors have attempted to transform one type into another, but the 
present work cannot be considered as a transmutation. The phenomena 
resemble more a variation or part of a life-cycle than a transmutation. 
The original strains caused death in human patients, while several strains 
isolated from the original ones possessed varying grades of pathogenic 
power, none of which was typical of tubercle bacilli until one or more 
passages through guinea pigs. The result of passage was a progressive 
regeneration in cultural, staining, and pathological characteristics of the 
parasite and host respectively. It is our purpose to describe these 
changes and correlate the findings. 

By selecting strains with unusual properties at the outset, variants 
have resulted with considerable regularity. Whether every strain 
undergoes such cycles of variability is still unknown. Many cultures 
seem to be rather stable in their behavior, yet nobody has thus far 
followed a tubercle bacillus through its vicissitudes of origin, growth and 
decline in all types of environment. 

In previous reports (1) (2), we described various changes concerning 
the life-cycle, degeneration and filterability of the tubercle bacillus. 
These have afforded the groundwork for the present treatise. A partial 
review of the literature was given in the earlier articles. 

Mallassez and Vignal’s microérganisms (3), as well as Ferran’s various 


1From the Research Laboratories of the City of Chicago Municipal Tuberculosis 


Sanitarium. 
2Presented in part at the twenty-fourth annual meeting of the National Tuberculosis 


Association, Portland, Oregon, June 18-21, 1928. 
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forms (4), are interesting in this connection, for they no doubt represent 
true variants of tubercle bacilli. Perhaps the work of Maher (5) and 
Arloing (6) and others belongs in this same class. Much’s forms (7) 
should be restricted to part of an ordinary life-cycle. The same may be 
said of Spengler’s Splitter (8). Pla (9) has outlined a theory that con- 
siders the tubercle bacillus active in a non-acid-fast coccoid form, be- 
coming the “Koch bacillus” only in old age. These active coccoid forms 
he calls the ‘“‘bacteria of attack.’’ All intermediary forms, including 
granules, he calls the “intermediate group.” 

After this work was completed, Vaudremer (10) published a book 
summarizing many years of work with variants of the tubercle bacillus. 
He states that he has been able to change the characteristics of the tuber- 
cle microdrganism by altered cultural environment. He reports the 
change of acid-fast to non-acid-fast granular and mycelial forms. He 
has elaborated a theory embracing these forms in the life-cycle of the 
tubercle bacillus. 

In 1925 (11) we reported experiments that tended to show variations 
of the tubercle bacillus, and suggested then that certain rare conditions 
may be due to “mutants” of the tubercle bacillus. Since then we have 
been working carefully to establish facts concerning the changes of the 
tubercle bacillus inside and outside of the body, and the pathological 
variations depending on these changes. 

Our method of procedure has been to watch for unusual manifestations 
of the tubercle bacillus (such as granule-formation and like changes) 
found in cultures and in the animal body, including human autopsies. 
By selecting these unusual forms, we have been able to carry them 
through a cycle to degeneration and back again to more typical forms 
with remarkable ease. 

We have obtained cultural results corresponding to many of Vaudre- 
mer’s, and can agree with him that some tubercle bacilli can be greatly 
altered by environment. Many figures in our plates correspond with 
those in his plates. The greatest changes appear, however, when the 
bacilli come in contact with other living biological agents, as Vaudremer 
has shown when he has cultured them with aspergillus. 


EXPERIMENTAL 


In a preceding report (1) was described how the various cultures 
from autopsy no. 175 were obtained. One was a culture of tubercle 
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bacilli from a single selected granule. Another picking grew into a 
mould-like form having short mycelia and semi-acid-fast diphtheroids 
and cocci; a third group of picked granules appeared to have degenerated 
into cocci; while a rapidly growing salmonella-like bacillary form re- 
sulted from one picking that was discarded as a contamination. ‘This 
last form may have been similar to Ferran’s “alpha” bacillus. The 
possibilities at that time were not realized sufficiently to make an ex- 
tended study. 

Besides this culture, various single granules were isolated and inocu- 
lated into guinea pigs. A detailed report of this work will follow later. 
The mould-like growth, however, we have carried through a series of 
passages and cultural studies, that are included in this report. Al- 
though the growth appeared to be contaminated by cocci, it is possible 
that they come from the granules that formed along the mycelial threads 
and in the diphtheroid bacilli. These granules, when first discharged 
from the thread were semi-acid-fast, but it appeared that they soon 
became non-acid-fast. The same statement might be applied to its 
gram-staining qualities. We were not able to see any of these forms 
develop into mycelia. Figure 1, plate 5, represents a stained smear 
from a culture of this microdrganism. ‘There are several large diphthe- 
roids with acid-fast granules and acid-fast and non-acid-fast mycelia. 
The acid-fast forms were paler than tubercle bacilli, yet there was 
a resemblance to them. This and the fact that there were acid-fast 
granules in the diphtheroid forms prompted us to study them. 

The gross colony was a waxy, cribriform growth of 2-mm. elevation, 
circular and measuring 9 mm. in diameter. 

This microérganism grew as an aerobe, forming a dry crust-like growth 
on solid media, and turning to a tawny brown after a few days. It 
formed a heavy pellicle on the surface of liquid media, alkalinized milk, 
and slowly liquefied egg medium, but did not ferment nineteen of the 
common sugars at all. It reduced nitrates to nitrites, consumed nitrites, 
and produced ammonia. In figures 1, 2, 3 and 4 of plate 1 are photo- 
graphic reproductions of the growths on blood-agar, egg, glycerine-agar 
and Petroff’s medium respectively. 

Guinea-pig inoculations were performed on guinea pigs B219 and 
B220. The protocol of B219 is as follows: 


Gross Changes: Thelocal lymph node was large and firm, with a small amount 
of pus. (A few acid-fast microérganisms were found.) Non-acid-fast cocci 
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Figs. 1 to 4 inclusive are growths of culture 220 on chocolate-blood-agar, egg, glycerine- 
agar and Petroff’s medium respectively. Figs. 5 to 8 inclusive are growths of culture 213A on 
chocolate-blood-agar, Petroff’s, glycerine-agar and egg medium respectively. 


633 | 
4 
A 
| 
| | 
‘\ 
4 
| 7 | 
| 
1 2 3 4 5 6 . 3 | 


634 HENRY C. SWEANY 


were also present in a pinkish matrix.) The retroperitoneal lymph nodes 
were enlarged and fibrous (and contained acid-fast bacilli). The spleen was 
enlarged four times and contained many small tubercles. The liver was dark 
red and homogeneous (and filled with acid-fast cocci). The lungs were mottled 
with areas of engorgement, but showed no typical tubercles. The areas 
appeared like gelatinous pneumonia. The pancreas was enlarged, the mesen- 
teric lymph nodes were enlarged, but the kidneys and adrenals appeared 
normal. 

Microscopic: The liver was fatty, with no tubercles. The spleen contained 
diffusely disseminated epithelioid cells, some of which were in groups resem- 
bling early tubercle-formation, but there was no caseation. The lungs con- 
tained a few foci of epithelioid cells and hypertrophy of the lymphoid elements. 
There were no other changes worthy of note. Cultures were made from the 
organs, but no acid-fast growth was obtained because at that time we were 
using Petroff’s medium, which yields poor results in the cultivation of such 


PLATE 2 


Photomicrographs of culture 220 

Fig. 1. Culture on egg medium showing granular diphtheroids with many coccoid bodies. 
1200 

Fig. 2. Semi-acid-fast diphtheroids in the liver. 1200 

Fig. 3. The same with the red screened out by means of a red filter. 1200 

Fig. 4. Microérganisms in a smear of the liver of guinea pig B219. 1200 

Fig. 5. The same screened out by a red filter, decreasing the red and exaggerating the blue. 
X1200 


microérganisms. ‘Typical acid-fast bacilli were found in the local, regional 
and draining lymph nodes up to those of the hilum. Only atypical forms 
however, are reproduced in plate 5. The liver contained many weakly acid- 
fast cocco-bacilli that may have been pseudotubercle bacilli. Figure 2, plate 
5, shows these microdrganisms. Figures 3 and 4 represent two other unusual 
formations. The first appear like budding yeast, but they resemble forms 
seen later in cultures (figure 13, plate 5). Figure 4 apparently shows semi- 
acid-fast granules in a sort of matrix. Perhaps this is a feeble attempt at cap- 
sule-formation. Plate 2 shows this microdrganism in different phases of the 
study. Figure 1 is a photomicrograph of the original culture. In figure 2 
the arrow points to semi-acid-fast microérganisms in the liver that have been 
screened out by means of a red filter in figure 3. Figures 4 and 5 represent a 
group in the liver that has been treated in the same manner, revealing partial 
acid-fastness. Reinjection of the macerated liver into guinea pigs U58 and 
U62 produced typical tuberculosis. U81, another animal, was typical except 
for the lungs which were pneumonic and showed no characteristic tubercles. 
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The next observations were made on what appeared to be caseous 
pneumonia in a guinea pig. We have frequently noticed that certain 
strains of tubercle bacilli have a tendency to produce a caseous pneu- 
monia when injected into guinea pigs. Such a case was guinea pig B218, 
inoculated with a pure culture of the typical growth of culture A175, 
along with a series of other animals. All lived about three months when 
inoculated with the fresh culture. 

Guinea pig B218 received 0.1 mgm. of a pure culture on December 21, 
1926, and was killed March 12, 1927. The lungs displayed three types 
of a pneumonic process, most marked in the upper lobes, namely, slight 
engorgement, “gelatinous”? pneumonia and caseous pneumonia. The 
engorged portion was no different than any other early pneumonic 
process; the oedematous portions contained many granulocytes and 
bacteria, thus appearing more like a true pneumonic process than an 
oedema due to toxins, while the caseous part was not unlike any other 
caseous pneumonia except that typical tubercle bacilli were lacking. 
Instead there were “transition” or ‘‘regeneration” forms, as shown in 
figure 5, plate 5. Some were diphtheroid, and some coccoid, and ranging 
in color from blue to dull red, and quite different from the typical bright 
red forms found in the local and hilum lymph nodes. 

Plate 3 illustrates the bacterial flora in the two regions. Figure 1 is 
in the caseous part and figure 2 in the more oedematous part. These 
findings are given to show that there may be some relation between the 
caseous pneumonia and the variegated flora present. At least the 
bacteria and the pathological changes were consistent in that there were 
more acid-fast forms in the older than in the newer part of the process. 
The newly consolidated portions revealed many semi-acid-fast and 
transition forms. 

Another study was performed on a non-acid-fast bacillus obtained 
from guinea pig 28a. This animal had previously received ten bacilli 
of culture A175, and, with numerous other animals, died of a rather acute 
form of tuberculosis. A peculiar reddish refractile bacillus was picked 
from a properly diluted emulsion of the spleen, and cultured. The 
microdrganism was subcultured, and inoculated into guinea pigs U45, 
U47, and U49. It wasa gram-negative, motile, rapidly growing bacillus, 
corresponding to the Salmonella group. Guinea pig U49 received 0.1 
cc., and died in two days of a violent systemic infection. U45 received 
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PLATE 3 
Microorganisms from guinea pig B218 


Fig. 1. A smear from the caseous part of the lung, showing many coccoid bacilli that are semi-acid-fast. 1200. (See 
plate 5, fig. 5.) 


Fig. 2. From the portion of engorgement, showing cocco-bacilli in phagocytes (non-acid-fast). 1200 
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0.01 cc. and died in twelve days of a subacute infection. The autopsy 
protocol is as follows: 


The local site presented a granular fibroid mass, containing acid-fast bacilli. 
The lymph nodes were enlarged, and also contained acid-fast bacilli, as did the 
liver, which was yellow and atrophic. The spleen was slightly enlarged but no 
tubercles were present. The lungs were pale red and pneumonic. There was 
one tubercle on the lower lobe. There was nothing else of importance. 


Guinea pig U47 received 0.001 cc., and died in 74 days, showing an 
indefinite pathological change. There were many acid-fast bacilli in 
the local lymph nodes. There were a few long acid-fast bacilli. The 
spleen was not enlarged, the lungs were reddish, and the liver was 
essentially normal. No further work was done with this microérganism, 
but the findings were nevertheless significant. 

The next form studied was one obtained from splenic tubercles of 
autopsy no. 182. The subject had had an unusual type of infection in 
that a generalized miliary tuberculosis followed childbirth and no pri- 
mary lesion could be found. The nearest approach to it was a tubercu- 
lous myometritis. The peculiar feature was that in the tubercles in the 
spleen no acid-fast microérganisms were found and all tubercles were in 
the large giant-cell stage. Each giant cell, however, contained numerous 
blue-black coccoid bodies, some of which were arranged in pairs. On 
culturing these microérganisms we were unable to get them to grow on 
ordinary media. Our only recourse, therefore, was animal inoculation. 

The many experiments on this microdrganism are plotted on chart 1. 

The splenic tissue of autopsy no. 182 was treated with 3 per cent 
sodium hydroxide and the sediment inoculated on various media, but no 
growth resulted. Small portions of spleen were placed in gelatine capsules 
and covered with celloidin as in previous work (11). Guinea pigs $20, $22, 
S23 and $24 were thus inoculated. The animals were killed at various 
intervals. After twelve days, acid-fast microdrganisms were found in 
the capsules. The contents of S21 were treated with 3 per cent NaOH 
and then inoculated on August 27, 1926, into guinea pig $93, that died on 
November 1, 1926. ‘The liver was enlarged and yellowish. Micro- 
scopically there was a perilobular fatty change and epithelioid cells 
were around the bile-ducts. There were also irregular caseous foci and 
acid-fast bacilli present. The spleen was enlarged to five times its 
normal size, and contained numerous acid-fast bacilli. There was the 
characteristic anaemic infarction present that gave the spleen the 
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marbled appearance that is commonly met with. Microscopically there 
was diffuse epithelioid proliferation. The lymph nodes were enlarged 
and caseous, and the lungs pneumonic. Because there were granular 
forms present, a test of heat-resistance was carried out. 

Guinea pig T35 was inoculated November 4, 1926, with spleen heated 
to 56°C. for thirty minutes. It died in twenty-nine days. The local 
and other lymph nodes were enlarged, and contained acid-fast bacilli; 
the lungs were pneumonic; the liver was congested; the spleen was en- 
larged twofold. There were a few large atypical acid-fast bacilli, many 
cocci and large bacilli present. This flora was described in the previous 
article, and interesting growth phenomena were recorded. ‘The spleen 
was inoculated on December 4, 1926, into guinea pig T99, that died in 47 
days of a typical tuberculosis. Cultures were obtained on egg medium 
that resembled thoseof the typical human-type tubercle bacillus. After 
59 days in the icebox a piece of spleen of T35 was macerated and inocu- 
lated into B223, B224, B226 and B227. The first and last animals 
died in ten days of an acute process that may have been due to degener- 
ated microdrganisms. It has since been observed that as the bacilli 
degenerate the process becomes more and more unlike tuberculosis. 
The other animals lived over six months, but developed only tubercle- 
like bodies in the spleen in which no acid-fast bacilli could be found. 
The experiment showed that the characteristics of this microdrganism 
disappear rather quickly in the icebox. The filtration experiments on 
T17 and T16 also bear this out. 

Guinea pig T36 was inoculated with spleen heated to 75°C. for thirty 
minutes. It was killed in 41 days and revealed only a fatty liver. 

Guinea pig T34 received the spleen heated at 65°C. for thirty minutes. 
It died in 40 days. There was atypical tuberculosis-like disease with 
very large reddish-black bacilli present. This result was exceptional, 
for rarely will these microdrganisms survive 60°C. for thirty minutes. 

Guinea pig T37 received microérganisms heated at 90°C. for thirty 
minutes, but was normal when killed. 
ie Guinea pig T38 was inoculated on November 4, 1926, with unheated 
spleen of S93, and died in twelve days of an acute infection. The local 
lymph node was enlarged; the spleen was dark red and enlarged twofold; 
the lungs were reddish, the liver was red, and all serous cavities were 
filled with a serofibrinous fluid. The local lymph node of T38 revealed 
a few acid-fast microérganisms, as shown in plate 5, figure 6, and 
plate 4, figures 1 and 2. The second figure has been taken with a red 


PLATE 4 
1200 


A group of weakly acid-fast microdrganisms from the lung of T38 


The same screened out bya red filter. 1200 
A group of microdrganisms from the hilumlymph node. 1200 
1200. (See plate 5, fig. 9.) 


The red parts are filtered out. 
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filter, so that all red has been diminished and all the blue exaggerated. 
The arrow points to this group, which is the same as the one shown in 
plate 5, figure 6. The spleen was cultured on hog-spleen-agar 48 
hours, and a bluish-white colony was picked off, emulsified and picked 
by the micromanipulator. 

A growth was obtained after many trials from a picking of three micro- 
organisms in a chain,—a short bacillus attached to a diplococcus. Per- 
haps it is better to call them three short bacilli. They wereessentially a 
single microérganism, however, because they were fastened together. 

The culture was inoculated subcutaneously (the usual method) into 
T78 and T82. The former received 0.1 cc. of one loopful of growth on 


PEATE! 


Fig. 1. Culture 220, showing acid-fast forms among coccoid bodies. Also there are de- 
generating mycelia or ‘“‘diphtheroids” having acid-fast granules. 

Fig. 2. A smear from the liver of B219 inoculated with culture 220. 

Fig. 3. Peculiar forms found in the liver of B219. 

Fig. 4. Semi-acid-fast coccoid forms in a mucoid matrix from liver of B219. 

Fig. 5. Semi-acid-fast forms from caseous part of lung of guinea pig B218. 

Fig. 6. A group of semi-acid-fast microdrganisms from guinea pig T38. 

Fig. 7. A group of semi-acid-fast microdrganisms from guinea pig T78. 

Fig. 8. A group of semi-acid-fast microdrganisms from guinea pig T82. 

Fig. 9. A mixed group of acid-fast and non-acid-fast forms from T84. 

Figs. 10 & 11. Young forms of acid-fast bacilli from U15. 

Figs. 12 & 13. Culture 213A, showing semi-acid-fast diphtheroids and cocci with semi- 
acid-fast granules. 

Fig. 14. A milk culture of 213A, three months old, showing peculiar acid-fast bacilli. All 
approximately 5000. 


hog-spleen-agar diluted to 10 cc.; the latter received 0.01 cc. Guinea 
pig T78 was inoculated on November 14, 1926, and died in six days. 
The local lymph node was enlarged and suppurating. The spleen was 
enlarged twofold, dark red and homogeneous. The liver was a normal 
color, but covered with a fibrinous layer. The lungs were pinkish in 
color and partially consolidated. The hilum lymph node was enlarged 
many times. Microscopic examination revealed passive congestion with 
indefinite findings. The lymph nodes and the spleen contained weakly 
acid-fast bacilli. These are shown in the plate 5, figure 7. In fact, it is 
questionable whether these forms are acid-fast at all. A few granules 
are present that appear suspicious and, as the pathological changes 
were suggestive of an early tuberculous state, the drawings are 
reproduced. 
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Guinea pig T82 was killed in 62 days, and the gross changes are re- 
vealed in figure 1, plate 6. A colored drawing of some atypical forms are 
shown in figure 8 of plate 5. There were also present many typical 
acid-fast bacilli. ‘The general appearance was that of an atypical exuda- 
tive type of tuberculosis, both microscopically and macroscopically. 
The hilum lymph node was enlarged to about 15 mm. in diameter, and 
contained sequestra of tough granular pieces of lymph-node tissue 
surrounded by pus. 

The macerated spleen was inoculated into guinea pigs U13 and U16. 
The former received 0.1 cc., and the latter 0.01 cc. of a rather heavy salt- 
solution suspension. Guinea pig U13 was inoculated on January 22, 
1927, and it died in 51 days of a disease that resembled tuberculosis both 
pathologically and bacteriologically. The gross aspect is revealed in 
plate 6, figure 2a. Guinea pig U16 died in 44 days of a more exudative 
disease than the T82. It is shown in figure 2, plate 6. 


Macroscopic: At the local site was a ragged ulcer, about 1 cm. across. The 
hilum, retroperitoneal and local lymph nodes were enlarged; the spleen was 
enlarged to six times normal, and was covered with fibrin, and revealed scat- 


tered white tubercle-like formations beneath the capsule. The liver was 
yellowish, mottled, and covered with fibrin; the lungs contained numerous 
tubercles; both pleural cavities and peritoneal and pericardial cavities con- 
tained pus. There were abscesses at the costochondral junctions of about 
eight ribs. 

Microscopic: The spleen showed hyalinization and caseation, numerous phago- 
cytic endothelial cells, and an occasional caseous focus with characteristic 
giant cells. It was the picture of about equal amounts of tuberculosis and 
acute splenitis. The liver showed a great deal of fatty change and a few foci 


of lymphocytes. 
Bacteriology: Acid-fast microérganisms were found in great abundance in the 


spleen, local abscess and lymph nodes. Due to faulty culture methods, no 
acid-fast microdrganisms were grown. 


From this animal (U16) an inoculation was made into U69. Guinea 
pig U69 in turn died in seven days of a septicaemia-like disease (see 
plate 6, figure 3). Guinea pigs U74 and U75 were inoculated from U69. 
The former received 0.1 cc. of splenic emulsion and died in eleven days of 
a violent septicaemia; U75 received 0.1 cc., and died in eleven days of the 
same type of disease. Guinea pig U90 was inoculated from U74 and U91 
from U75. Both died in 48 hours of a fulminating type of disease. It is 
evident that the tuberculogenic qualities disappeared in favor of the 
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PLATE 6 


Fig. 1. Guinea pig T82, inoculated with a small “dose” from T38. It shows a greatly 
enlarged hilum lymph node, a gelatinous pneumonia, slight fatty change in the liver, and a 
peculiar blotchy type of tubercles in an enlarged spleen. Approximately 3 natural size. 

Fig. 2. Guinea pig U16, inoculated with large ‘‘dose” from T82. Shows still less tuber- 
culosis and more of an acute disorder. Approximately } natural size. 

Fig. 3. Guinea pig U69, inoculated from U16. Has no appearance of tuberculosis. 
Approximately } natural size. 

Fig. 2a. Guinea pig U13, inoculated with one-tenth the “‘dose” of U16 from T82. Re- 
sermbles tuberculosis. Approximately } natural size. 

Fig. 3a. Guinea pig U72, inoculated from U13. Nearly typical tuberculosis. Approxi- 
mately } natural size. 
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more acute forms of microdrganisms as the dose was increased. From 
U13, however, a different result was obtained, due to the smaller dosage 
_ or some factor of resistance in this animal that was different than in U16 

Guinea pigs U72 and U73 were inoculated from U13. The forme: 
received the larger dose, and died in 111 days. It is shown in figure 3a 
plate 6. U73 died in 96 days of an atypical tuberculosis. From U72 : 
small dose was given to U35 and the pathological changes, the time o! 
death and bacteriological findings were not unlike those produced by 
typical virulent human-type tubercle bacilli. 

The spleen of T38 was inoculated into T69 and T66 directly to se: 
whether there would be any difference in the result from that produced 
by the picked culture. Guinea pig T69, receiving 0.1 cc. of spleen 
emulsion, died in 15 days of a disease similar to T38, while T66 died in 
65 days of an atypical tuberculosis. All the lymph nodes were enlarged 
and contained pus. The lungs contained a few tubercles; the liver was 
dark brown in color; other changes were not important. Acid-fast 
bacilli were found in all the lymph nodes, and a culture of human-like 
tubercle bacilli was grown from the lymph nodes of this animal. 

Plate 6 shows the essential gross changes of these divergent processes 
of the bacilli picked from T38. Some of the last of the series are omitted 


for brevity. 


The next phase of the work will be that pertaining to some filtration 
experiments reported previously (2). Guinea pig T17 received the coarse 
filtrate from the spleen of A182, kept in the icebox for seven weeks. It 
died in 46 days. The spleen in turn was inoculated into guinea pigs T58 
and T60. These were negative, but T58 is shown in plate 8, figure 3. 
There were a slightly enlarged spleen, fatty liver, and tremendously 
enlarged hilum lymph node, from which a tubercle bacillus similiar to 
the human-type was cultured. The local lymph node was only slightly 
enlarged and not caseous. The various animal experiments to determine 
the type of microérganism are listed in chart 1. Guinea pigs B204 and 
B209 were inoculated from T58, and an atypical tuberculosis resulted in 
B204 (figure 4). Guinea pig B209 had more of an acute disease. From 
the spleen of T58 a peculiar rapidly growing acid-fast microdrganism was 
obtained after treatment with sodium hydroxide. It was avirulent 
for all animals as shown in the chart. 

The medium filtrate produced no growth (nor effect in animals). 

The fine (W) filtrate killed guinea pig T16, and from the spleen a growth 


PLATE 7 


Fig. 1. Guinea pig T84, inoculated from pure culture of 213 A. It shows an enlarged 
hi‘um lymph node with very little other change. Approximately 3 natural size. 
Fig. 2. U15, inoculated from T84; shows a more typical tuberculosis. Approximately 


natural size. 
Fig. 3. Guinea pig T76, inoculated from culture 213A; shows atypical tuberculosis. 4 


1 


n: tural size. 
Fig. 4. Guinea pig U24, inoculated from T76, showing caseous pneumonia. #2 natural 


ine. 
Fig. 5. Guinea pig U16, inoculated from U24, shows typical tuberculosis. 3 natural size. 
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was obtained on hog-spleen-agar that contained non-acid-fast micro- 
organisms. Two were isolated, one coccoid and one diphtheroid. The 
coccoid form did not kill guinea pigs and only grew in a local abscess ir 
rabbit T45. From this lesion T88 and T89 were inoculated, and the; 
died with changes similiar to those of T58. From these U19 and U2( 
were inoculated, and the result was a fairly typical tuberculosis. Fig- 
ure 1, plate 8, shows the organs of T89, and figure 2 those of U20. This 
coccoid microérganism was peculiar; sometimes it was biscuit-shaped, ai 
other times globoid. It fermented sucrose, lactose, galactose, insulin, 
raffinose and dextrose with the production of acid. A strange observa- 
tion was that in many of the growths a large diphtheroid form appeared. 
It suggests that it was pleomorphic, with morphology a function of its 
environment. However, as it was only purified by colony picking, the 
results are given only because the same ‘“‘regeneration’”’ phenomenon 
was present in connection with the animals inoculated from it. 

The diphtheroid form was picked by the micromanipulator and 
cultured on serum-bouillon. Although planted on eight different media, 
the spleen-agar was the only one to produce growth. There were at 
first showers of fine dust-like microdrganisms. The dark field revealed 
many zooglear masses, some having the size of ordinary cocci. In three 
days definite diphtheroid bacilli were present, having barred forms. 

On glycerine, starch, and plain agar, the growth was abundant, dry, 
rugose, waxy, elevated, yellowish-brown, and spreading. On Long’s 
dextrose, serum and hog-spleen-bouillon, it grew a waxy plaque resem- 
bling tubercle bacilli. It only fermented dextrose, of all the sugars, 
with acid production. It did not produce hydrogen sulphide, nor reduce 
nitrates or nitrites. The gram stain was positive; the large granules 
were stained maroon by the acid-fast stain. There were also non-acid- 
fast coccoid bodies. Plate 5, figures 12 and 13, shows a rather typical 
growth of this microérganism. After three months on milk, acid-fast 
forms appeared as shown in figure 14. Plate 1, figures 5, 6, 7 and 8, shows 
this microérganism on various media,—chocolate-blood-agar, Petroff’s, 
glycerine-agar and egg-medium respectively. After this time it had also 
all but lost its virulence. It infected only two out of fifteen animals. 

When first isolated, however, it was inoculated into a series of guines 
pigs as follows: Guinea pig T76 received 0.5 cc.; T79, 0.1 cc.; T84, 0.03 
cc.; and T77, 0.001 cc. Guinea pig T77 died in 69 days (twenty-four 
hours after an injection of 0.2 cc. of Old Tuberculin). 176 gavea violen’ 
reaction, but survived, to die in 88 days of an atypical tuberculosi: 
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Fig. 1. Guinea pig T89, inoculated from local lesion of rabbit T45. Shows only fatty 
liver and gelatinous pneumonia. 

Fig. 2. Guinea pig U20, inoculated from T89, shows more typical tuberculosis. 

Fig. 3. Guinea pig T58, inoculated from spleen of T16. It showsa very large hilum lymph: 
node and a slightly enlarged spleen, fatty liver and gelatinous pneumonia. Obtained a 
culture resembling the human type from the hilum lymph node. 

Fig. 4. Guinea pig B204, inoculated from T58, is more typical tuberculosis. 

Fig. 5. Rabbit T44, inoculated with culture 213A, showing rather acute type of 
tuberculosis. 

Fig. 6. Guinea pig U66, inoculated from T44, showing large local abscess with only slight 


resemblance to tuberculosis. 
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(plate 7, figure 3). U24 was injected with the spleen of T76, and death 
occurred of an atypical tuberculosis in 117 days (plate 7, figure 4). 
Again, U16 was inoculated from U24, and it died in 84 days of a typical 
tuberculosis (plate 7, figure 5). Guinea pig T84 died in 54 days of an 
atypical disease like T58 (plate 7, figure 1), but U15 (figure 2), inoculated 
from the hilum lymph node, developed a more typical tuberculosis, from 
which a rather typical human-type culture was obtained, as shown by 
the animal tests in chart 1. Figure 9, plate 5, represents transition 
forms from T84, and figures 10 and 11 are young forms from U15. 
Guinea pig T79 was killed in 38 days, and showed a slight involvement 
that resembled an atypical tuberculosis. Rabbit T44 received 0.1 cc., 
and developed a virulent tuberculosis, but on inoculation into a guinea 
pig (U66) the pathological changes were quite atypical (plate 8, figures 5 
and 6). 

The fine Berkefeld filtrate from T16 has been described before (2). 
There seemed to be some weakened ‘“‘virus’”’ passed through the filter, 
but the guinea pigs were able to throw off the infection. 

The microscopic changes in the regenerating types follow, in general, 
a similar course. The process starts as an acute progressive bacillary 
infection and gradually shades over into a chronic infection, with the 
usual cellular changes representative of tuberculosis. If one animal 
does not survive long enough to reveal the chronic changes; passage 
through one or two more will accomplish it, if it is going to return at all. 
Consequently, the changes in the acute phases are exudative, with the 
outpouring of oedema, fibrin, and polymorphonuclear leucocytes, and 
a minority of lymphocytic and proliferative elements. There is more of 
a tendency to form a simple hypertrophy in the lymph nodes, with 
a liquefaction-necrosis followed later by caseation. An oedematous 
condition exists in a few patches, particularly in the upper lobes of the 
lungs. It is questionable whether this is a true gelatinous pneumonia 
because of the considerable cellular infiltration. 

Only four illustrations of microscopic changes will be given,—the 
hilum lymph node of T58, the spleen of U15, the lung of T76, and the 
spleen of U24. This group is sufficiently representative to give an idea 
of the most important changes. The liver is omitted because no definite 
findings are present except all degrees of fatty change. The lymph 
node of T58 is representative of the early lymph-node lesions. It is 
quite hypertrophic and firm, and cuts with resistance. There are foci of 
liquefaction necrosis and caseation as shown in figure 1, plate 9. Figure 


PLATE 9 


Fig. 1. Section of hilum lymph node of T58, showing a caseous focus, with general necrosis. x50 
Fig. 2. Section of spleen of T15, showing a poorly walled caseous focus without the usual epithelioid infiltration. ><75 
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2, plate 9, is of the spleen of U15 and still shows characteristics of a more 
acute infection. Plate 10, figure 1, shows a section of lung from T76, 
with what resembles early tubercle-formation with accumulation of 
lymphoid elements. Figure 2 is the spleen of U24 inoculated from T76. 
This shows the more typical microscopic lesions of tuberculosis of the 
guinea pig. As the disease progresses, the proliferative elements, in- 
cluding epithelioid and giant cells, come into prominence. _ 

It is the gradual pathologico-anatomical transitions, corresponding to 
simultaneous bacteriological changes, that prove the progressive regener- 
ation of non-acid-fast degenerate forms to more typical tubercle bacilli. 
When young virulent tubercle bacilli are inoculated into animals, a 
typical tuberculosis is produced. Even when only ten micro6érganisms 
of a young culture were used in a large series of animals, we obtained 
typical tuberculosis in all. We are therefore dealing with an atypical 
parasite that undergoes gradually a transition as the environment acts 
upon it. 

Control experiments in this work are of no less importance than the 
original ones. Although the results have developed with such regularity 
and consistency that it may seem unnecessary for extensive control 
work, yet certain factors must be well controlled. This is true especially 
of pseudotuberculosis and pseudotuberculosis rodentium. Although no 
typical culture of the latter was available, we obtained the former culture 
from the American Type Culture Collection, and compared the micro- 
organism with the ones in our study, and found little similiarity except in 
two strains that we have already referred to (2). The other controls 
consisted in inoculating a series of animals with various strains obtained 
from sources that may contaminate these cultures. The various con- 
trols rule out spontaneous infection, infection by B. tuberculosis rodentium, 
B. pseudotuberculosis, and the possibility of a similiar “passage” infection 
from other cocci, bacilli and diphtheroids, virulent or nonvirulent. 

Culture 206 will be described first. This microdrganism was obtained 
from the blood and organs of a child dying of an unusual infection. 
There was only a slight caseous focus in the hilum lymph node that was 
suggestive of tuberculosis. The microdrganism recovered was rather 
large, diamond-shaped and streptoform, and grew well only on chocolate- 
blood-agar. It fermented most of the common sugars, with acid-forma- 
tion. It grew poorly on solid media without cooked blood. Choco- 
late-blood-agar was decolorized by it. On egg and Petrofi’s medium, 
it produced a thin smooth transparent spreading growth. The bouillons 
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Fig. 1. Section of lung of guinea pig T76, showing foci of diffuse epithelioid-cellinfiltration. This has the appearance of gelatinous pneumonia grossly. X60 
Fig. 2. Section of spleen of guinea pig U35, showing giant-cell formation and diffuse infiltration of epithelioid cells. 130 
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were made turbid, and milk was acidified, but no clot or proteolysis devel- 
oped until after ten days. The germ fermented, with acid, the following 
sugars: dextrose, raffinose, galactose, sucrose, levulose, completely; and 
insulin, trehalose, mannose and lactose in the anaerobic arm of the tube. 
It did not form hydrogen sulphide; it reduced traces of nitrates to 
nitrites and consumed nitrites. It was gram-positive and non-acid-fast. 

After two failures at picking a single microérganism for the culture, 
we inoculated the whole culture into guinea pigs U17, U21 and U22 on 
February 15, 1927. They received doses graded in multiples of ten. 
They were all killed two months later when in a normal well-nourished 
condition. 

Culture 231 was obtained from guinea pig B214, an animal inoculated 
from autopsy No. 196 (lymphogranuloma). There was a variegated 
flora present in these lymph nodes, among which was culture 231, which 
resembled 213 so closely that it seemed to be worth culturing and passing 
through animals. Accordingly, it was purified by colony purification; 
and the contents of one egg-tube were diluted in saline solution, divided 
as before, and injected into guinea pigs U28, U29 and U30 on February 
19,1927. Theanimals were placed in cages adjoining the other animals, 
but continued in good health for four months, when they were killed 
and found to be normal. 

Culture 219 was a diphtheroid microérganism obtained from a pleural 
fluid. It did not ferment any sugars; it was proteolytic and alkalinized 
milk. It will not be necessary to give the detailed culture protocol for 
the purpose of control. Guinea pigs U36 and U37 were injected with 
0.1 and 0.5 cc., respectively, of a spleen-bouillon culture. After four 
months U37 died, but there was no specific change to be found. A slight 
emaciation resulted. U36 was killed at the same time, and was found to 
be normal. 

Culture 229 was obtained from a pleural exudate following treatment 
with gentian-violet. The tubercle bacilli were accompanied by a peculiar 
granular, gram-positive diphtheroid that resembled the tubercle bacillus 
in morphology, but was not acid-fast. The culture was grown on various 
media and its cultural reactions determined. It was almost identical in 
morphology, staining and cultural reactions to 206. Fifteen micro- 
organisms were picked and planted on February 26, 1927, at one time, 
but no results were obtained. On March 7, 1927, the operation was 
repeated with the same result. Outside of being a good negative control 
for other experiments, this work was barren. We then resorted to the 
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Koch method of purification, by transplanting more than eight times 
and then inoculating into a series of thirteen animals placed on a special 
diet. These results were entirely negative. 

This series of controls could be multiplied many times with microérgan- 
isms obtained in our work, not to mention a series of over a hundred 
animals inoculated by Sweany and Wasick (12) in the study of asso- 
ciated microdrganisms in the culture of tubercle bacilli. Although 
unpublished, it contains some valuable negative data that serve in this 
instance as controls. There were many kinds of bacilli, cocci, and diph- 
theroids passed two to five times, yet in only four animals did there appear 
anything that resembled tuberculosis. ‘These were mostly from cultures 
of microérganisms from which we might have expected such a result. 
Ordinary saprophytic cocci and bacilli were uniformly negative. For 
this reason we feel that microdrganisms that regenerate tubercle-bacillus 
properties come from degeneration forms of tubercle bacilli only. 


DISCUSSION 


These results demonstrate the existence in certain types of tuberculosis 
of non-acid-fast microérganisms that possess tuberculogenic properties 
and that may regain the characteristics of the classical form of bacillus 
if they are picked from the lesions or early cultures and passed through 
animals in well-selected amounts. They also show equally well that 
ordinary microérganisms, other than those related to tubercle bacilli, 
will not regenerate tubercle bacilli in this manner. Such regeneration 
forms are thought to originate from degeneration forms of. tubercle 
bacilli. 

For the time being, we feel that such degeneration and regeneration 
forms should be considered as variants within the life-cycle of the parasite 
causing transmissible tubercle-formation. When these forms degenerate 
to such an extent that they take on fixed and irreversible characteristics, 
they may be then quite properly termed “mutants,” with a host of 
indeterminate pleomorphic forms in between. It does not seem justi- 
fiable with the facts at hand to build up a theory assigning the ‘“‘Koch 
bacillus” to only a small phase of the life cycle of the “tubercle parasite.” 
It is of little importance how this acid-fast microdrganism developed. 
The fact is that it is present in practically every chronic tuberculous 
lesion as the dominant and sometimes the exclusive exciting factor. 
Its waxy cover is its main defense. In the struggle with its host the 
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non-acid-fast forms rapidly develop this covering if there is an op- 
portunity to do so. Without the ability to develop a waxy coat, 
these microérganisms would not be important. The menace of the 
microérganism as a disease producing entity largely depends upon the 
property to form either a waxy covering or granules. Without such 
protection there would be no chronic phase or “tuberculosis.” The 
acute inflammatory phase occurring not infrequently in the nonimmune 
would run and terminate as other acute infections. We feel, therefore, 
that it is better to consider these non-acid-fast forms as unusual varia- 
tions, due to environment, rather than the type form. The environ- 
ment necessary for such variations has been observed in certain “non- 
immune” hosts including children, certain races, certain animals, other 
biological agents, such as other bacteria and enzymes, and physical and 
chemical factors, such as aging, heating and culturing on certain media. 

On the other hand, we do not wish to underestimate the non-acid-fast 
phases. The evolution of the granule, with the variants resulting from 
it, has been too well established to deny any longer that many of these 
variants possess virulence and enter into the tuberculous process as 
secondary infections. Sometimes they play the dominant rdéle as in 
the “typhoid” types, certain pneumonic types, certain meningitic types, 
and other unusual variations in the tuberculous process. 

Some tubercle bacilli on virgin soil seem to pursue an entirely different 
course than the usual tubercle-formation. When there is not sufficient 
immunity to inhibit rapidly growing forms, not infrequently they over- 
come the patient with what appears to be an acute infectious process. 
Particularly in children do we meet with phenomena that show non- 
acid-fast phases similar to the ones observed in animals. We have just 
completed the study of an infection in two infants (to be reported later) 
that apparently passed through a cycle similiar to many of our animal 
experiments, where the first infection was a rather violent onset (Ranke’s 
primary complex (14)), followed by a gradual disappearance of “‘epitu- 
berculous” lesions and leaving behind a chain of the “Ghon foci” (15). 
Death was caused by meningitis and systemic infection due to a flare-up 
of non-acid-fast tuberculogenic microérganisms. It is possible that many 
primary infections are initiated by a rapidly growing microérganism, 
some of which terminate as a tuberculous or nontuberculous meningitis. 
The characteristic pathological changes in this type of meningitis con- 
sists of a laying down of fibrin over the base of the brain, with a relatively 
late appearance of discrete tubercles. 
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As described for certain guinea pigs, in an occasional human patient 
having fulminating tuberculous pneumonia, we have also found every 
reason to believe that the infection was caused by an acutely growing 
microérganism that gradually passed over into an acid-fast form. 

It is possible that some ascending kidney infections may be caused by 
these motile rapidly growing forms. In fibroplastic tubercles there seems 
to be a peculiar relationship between acid-fast and non-acid-fast forms. 
There are also the more obscure chronic diseases, such as lymphogranu- 
loma, certain leukaemias, serositis, etc., that may be caused by some such 
microérganisms, either atypical tubercle bacilli or mutants of tubercle 
bacilli. 

Again, if there are present strains of non-acid-fast tuberculogenic 
microérganisms, as we surely have demonstrated, they may assist in 
the immunization of the race and become an epidemiological problem 
worthy of consideration. 

In the ordinary tuberculosis patient, however, there are not many 
changes from the acid-fast phase, because conditions are established for 
the maintenance of the acid-fast and the suppression of the non-acid-fast 
microorganisms. 

In the event that the patient recovers, the microdrganism is gradually 
encroached upon, its capsule dissolved, and it is driven into its last line of 
defense,—the refractile granule. These granules appear sometimes to 
multiply as such without even becoming bright red by the acid-fast 
stain. The whole degeneration process is one of degree. The micro- 
organisms may go just to the granule stage and be capable of reverting 
directly to acid-fast bacilli when the environment becomes more favorable. 
They may begin growth, and remain and grow as the semi-acid-fast gran- 
ules through many generations (A182). Much’s bacillary form perhaps 
belongs here. Again they may degenerate to very fine granular forms 
that gradually recover acid-fastness, passing through the various stages 
from the granules to bacilli, but as a rule not producing pathological or 
bacteriological features characteristic of tuberculosis in the first animal 
inoculated. Ifa careful examination is made of the lymph nodes of these 
animals, there will usually be found refractile bodies, ranging in size from 
the limit of vision to the diameter of a tubercle bacillus. These granules 
seem to be related to the process for the following reasons. First, they 
are frequently arranged in pairs or groups resembling other infectious 
microérganisms and not at all like artefacts. Second, they have a 
peculiar refractility characteristic of tubercle-bacillus granules. Third, 
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they shade off into short bacillary bodies, that gradually approach the 
size and staining of typical acid-fast bacilli as growth proceeds. Fourth, 
they are not found in normal animals or those dying of other diseases. 
Fifth, they are frequently found in animals inoculated with Berkefeld 
filtrates of old lesions, from sputum of certain old “bacillus-free” fibroid 
lesions, and from certain extrapulmonary lesions, especially in children. 

They may go further and degenerate into microérganisms of variable 
virulence that may properly be termed mutants. 

One thing worth noting about many of these early guinea-pig infections 
is the relatively small size of many of the local lymph nodes. Ina few of 
the first inoculated animals, local or retroperitoneal lymph nodes were 
only slightly enlarged. The first markedly enlarged node was at the 
hilum, where the drainage comes from the lungs. Guinea pigs T58 
and T84 are two examples. This apparent exception to the Cornet- 
Cohnheim law is not known in a classical tuberculous infection. In the 
second animal, however, this condition has not been observed. Instead, 
acid-fast forms appear in the local lymph node, and may be found in all 
the nodes toward the hilum in diminishing numbers. At the hilum, 
however, there are almost as many acid-fast forms as in the local lesion. 

Before closing, we must mention the possibility of the carrying over of 
ultramicroscopic granules (of Fontes) with the picking of non-acid-fast 
bacilli and diphtheroids. With the methods used in picking, however, 
practically no granules were seen to enter the pipette. Ina fluid medium 
with a thousand diameters of magnification the finest particles are visible 
by their Brownian motion. Furthermore, should some pass over, they 
would be diluted out in the first culture because the granules have not 
been known to grow in artificial culture media, and therefore they would 
be left behind by the growth of the other microérganisms. In diluting 
the microérganisms for inoculation they would be diluted still further. 
As some of these animals had 5000 times less than others, yet all dilutions 
produced the disease, it is obvious that more than 5000 granules did not 
get into the pipette with the original microdrganism. 

Finally, it must be stated that the non-acid-fast cultures lose virulence 
rapidly on artificial culture media. They may be compared to the 
sparks coming from an emery wheel that are brightest nearest the whee 
and soon fade. Yet, while they are associated in the living animal 
fluids, some retain an ability to regenerate acid-fast bacilli on passage. 
The granules have not been grown on artificial media as such. If they 
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grow at all, they either develop into rapidly growing forms or back to 
acid-fast bacilli. It depends upon the stimulation and inhibition applied 
during the sprouting and early growth-period. 


SUMMARY AND CONCLUSIONS 


Two unusual strains of tubercle bacilli have been studied under various 
unfavorable conditions. Degeneration forms have been observed and 
described. In addition to the forms that may revert directly to acid- 
fast bacilli, some are described that appear to have degenerated to a 
temporary non-acid-fast condition, These microdrganisms are some- 
times slowly growing coccoid or bacillary forms that are capable of 
reverting rather quickly to typical tubercle bacilli. Sometimes they 
may be rapid-growing, granular, bacillary or diphtheroid forms that 
revert to typical microdrganisms after one or more animal passages. 
In the return to their characteristics these microérganisms regenerate 
by a gradual transition, that appears to be simultaneous with a corre- 
sponding change in the pathological features. From three picked micro- 
organism cultures (besides many others), these changes were followed 
and described. The microérganisms appear to become gradually acid- 
fast, beginning in the granule. In fact, the granular portion is the first 
to gain acid-fastness on regeneration and the last to lose it on degenera- 
tion. Cultures were grown from the end-products of these experiments 
that resembled the human-type tubercle bacillus. The experiments 
were controlled by a large number of non-acid-fast microérganisms from 
different sources, but negative results were obtained unless the strain 
had arisen from degenerate bacilli within a rather short time. The 
pathological change produced was at first exudative, but gradually 
passed over into a more proliferative type with “epithelioid” and giant 
cells. 

Sometimes the degeneration proceeded so far that the microdrganisms 
never could be regenerated to acid-fast forms. Whether all tubercle 
bacilli will undergo these changes under the proper environment is still 
undetermined. It seems that these facts will help to explain some ob- 
scure clinical and bacteriological observations in tuberculosis. 


In conclusion I wish to express my sincere thanks to my assistant, Mr. Max Evanoff, for 
valuable technical aid. 
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FURTHER STUDIES ON THE CULTIVATION OF THE 
TUBERCLE BACILLUS! 


HENRY C. SWEANY anp MAX EVANOFF 


In attempting to grow tubercle bacilli from various types of septic 
material, it soon became quite evident that most media were inadequate 
to meet our needs. We were confronted with the problem of finding 
or developing a culture medium that would grow the microérganisms 
with consistency. This was especially necessary when virulence and i 
typical characteristics were being restored to weakened or degenerated i 
strains. | 


Recently we made a report of preliminary results (1) and stated in a 
footnote that with one particular medium we had obtained nearly perfect 
results. 

It is our purpose to report our findings with this new medium and 
others developed during the course of these experiments. As was pointed 
out by Corper (2), some cultures grow at first only on serum or egg 
medium. We can further state that some will grow only on milk or 
cream in addition to the usual egg medium. For sputum and body 
exudates, we find little reason to use the gentian-violet medium. In 
our work with the less hardy strains we obtained 47.7 per cent growth 
on the egg medium as compared with only about 3.8 per cent on the 
gentian-violet medium. On culturing sputa we obtained 37 per cent 
on the gentian-violet and 64 per cent on the plain veal-egg medium. 

As to the efficacy of other media, let it be said that most of the stand- 
ard media will only grow microérganisms that are well adapted to arti- 
ficial environments. We shall, therefore, mention only the methods of | 
treatment and cultivation that we have found to merit the most if 
confidence. 

As pointed out above, the methods of procedure are of utmost impor- 
tance and on them depend success or failure. This is especially true of 
the preparation of the media.” 


1 From the Research Laboratories of the Chicago Municipal Tuberculosis Sanitarium. 

2 Recently Corper has proposed a glycerine-potato medium that deserves consideration, 
primarily because of its simplicity in preparation. We have used glycerine-potato media 
in earlier work with fair results, but not according to Corper’s specifications, according to 
which excellent results are reported. (Corper, H. J., and Uyei, N., Amer. Rev. Tuberc., 1927, 
xvi, 299.) 
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PREPARATION OF MATERIALS 


All apparatus and gauze are sterilized on the previous day. Clean 
fresh eggs are sterilized in alcohol at least 30 minutes before using. 

It has been found that fresh milk and cream, in quantities of 5 cc. 
or less, can be thoroughly sterilized in live steam by two sterilizations 
for 45 minutes on two successive days, without coagulating the protein.’ 

Potato water is prepared by cooking 250 gm. of finely ground potato 
pulp with 15 cc. distilled water in a double boiler for one or two hours. 
Evaporation will have reduced the amount to about one litre. Filter 
and sterilize for three successive days. It must stand several days to 
settle thoroughly because much more starch is soluble in hot than in 
cold water. 


The Media 


Medium 1: Veal-egg-glycerine-milk medium. 
1: Soak one pound’ veal overnight in an equal amount. of sterilized whole milk with 15 


per cent glycerine added. 
2: Strain through sterile gauze, and add twice the amount of well-beaten eggs prepared 


as described above. 
3: Filter through sterile gauze and tube, having the operation shielded from dust as much 


as possible. 

4: Inspissate for one hour at 85°C. immediately and one hour at 75°C. on two succeeding 
days. 

5: Incubate three days in incubator and three days at room temperature. Seal with 


paraffine until ready to use. 
The incubation causes contaminators to grow and, more important, it dries out the water 


of condensation. 


Medium 2: Veal-egg-glycerine and potato-water medium. 
Same as above except that the veal is leached with the required percentage of potato 
water. 


Medium 3: Veal-egg-cream-potato medium. 
Same as medium 1, with potato water used instead of milk and glycerine for soaking. 
Then 30 per cent of sterile cream is added to the filtrate. 


5 Overheating must be avoided. It is desirable to heat just enough to ensure sterility. 
Excessive hydrolysis produces a less hydrophilic colloid which is manifested by syneresis. 
The medium should possess practically no water of condensation when ready for use. 
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Medium 4: Veal-egg-cream-milk medium. 
Same as medium 1, but no glycerine is added, and but 70 per cent of sterile milk is used 
to soak the veal. To the filtrate 30 per cent of sterile cream is added. 


Medium 5: Egg-milk-glycerine medium. 
To a given amount of milk add 15 per cent glycerine. To this mixture add twice the 
amount of eggs, and inspissate. 


Medium 6: Egg-milk-glycerine-meat-extract medium. 
Same as medium 5, except add 0.5 per cent meat extract. 


In spite of the favorable results with acid methods by Loewenstein 
(4), Sumoyoshi (5), Hohn (6), Corper and Uyei (7), and others, we have 
not found any of them superior to our application of the sodium- 
hydroxide method for the greater number of specimens encountered 
in routine work. The growth appears a few days earlier with the acid 
methods and perhaps the sodium hydroxide is slightly more detrimental 
to the tubercle bacilli, but there are advantages that seem to compensate 
for this, most important of which is the greater concentrating power of 
the NaOH. 

In order to eliminate the mucus and debris we add an equal part of 
3 per cent sodium hydroxide, mix thoroughly, and centrifugate for twenty 
minutes at high speed. If pus or solid material is being worked with, 
0.5 cc. is diluted to 5 cc. with distilled water, and treated as the sputum. 
The supernatant liquid is poured off and then the small amount of con- 
centrated material in the bottom is neutralized and seeded on the various 
media. It is important that the sediment be deposited on the surface 
in a very thin layer. By observing this precaution many “no growths” 
will be obviated. It is better not to bury the microérganisms in a mass 
of debris for two reasons: they must have access to oxygen and they 
must be subjected to as little unfavorable environment as possible, for 
fear of producing degenerate forms that will contaminate the medium. 

The result of the first experiments is reported in table 1. 

The first column of table 1 shows the common veal-egg-glycerine 
medium of Petroff (without gentian violet) producing growth on 41.6 
per cent of the total number of tubes seeded; 22.4 per cent were con- 
taminated while 7 were negative. Of the 39 specimens 25 grew, giving 
an average of 64.1 per cent. This result is about double our results by 
the original Petroff method. 

In the next column is the veal-egg-milk medium in which sterilized 
milk has replaced the water in the leaching of the veal infusion. Here 
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we obtained growth from all 39 sputa, and 88.5 per cent of the tubes 
produced luxuriant growth, with only 10.5 per cent contaminations. 
The third medium, containing potato extract, was not so good in pro- 
ducing growth; besides, contaminations were more common. ‘The veal- 
egg-cream medium is good, and produces the most rapid growth of any. 
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In recent unpublished experiments this medium has been found almost 
specific for growing the bovine bacillus. 

_ The last three media were used chiefly for comparative purposes. 
Red cells added to the veal-egg produced a marked inhibition. 
Chocolate-horse-blood-agar gave fair results. Long’s synthetic mixture 
added to the veal-egg practically prevented all growth. This, of course, 
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in no way reflects upon the original medium for the purpose it was 
intended. 
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+ on repetition obtained 100% growth 

Pos : posilive; Neg = negative; Cont. s contamination 


The experiments were repeated on 24 more sputa with slight variations 
in the media. The veal-egg-glycerine-milk was retained as a standard, 
and the veal-egg was combined with milk, cream, potato and glycerine 


4 

| 2 per field | mi 
1M 

| 

| | a 

| 

| 

/2 || 
/4 || a 

17 | 
791 
2/ || 
22 | 
23m 
jer, Tubes | 

4 


666 HENRY C. SWEANY AND MAX EVANOFF 


in three different combinations, as shown at the heads of the columns 
of table 2. 


able 3 
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There is little to choose between the four as to percentage growth and 
lack of contamination. Nothing is gained, however, by using the potato 
extract either with cream or milk. Therefore, we have made the choice 
between the veal-egg-milk and glycerine and the veal-egg-milk and cream. 
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The latter produced a growth a few days earlier, and the percentages 
were better, but in the first experiment it was the milk medium that 
showed the best results. These media have much in common with that 
of Petragnani (8), except that he has made the error of adding malachite- 
green which will place it on a par with Petroff’s method. The esters of 
the lower fatty acids in the cream medium appear to enhance the growth 
of tubercle bacilli, and fulfil all its requirements of glycerophilism. 

In further experiments the relative merits of the veal and eggs were 
tried, and the results are given in table 3. 

It was found that veal is quite dispensable if milk is used; in fact, the 
egg-milk-glycerine is better than the egg-veal-glycerine. By adding 
0.5 per cent each of meat extract and peptone, a simple and easily 
prepared stock medium is obtained, but we do not recommend this for 
best results. On the other hand, leaving out the eggs resulted in no 
growth at all. 

Regarding the detrimental effect of sodium hydroxide on certain 
strains, we have found, up to the present time, four cultures that grew 
without treatment while the treated ones produced no growth. These 
were on pleural fluids or cold abscesses. Another culture from a guinea- 
pig lymph node (W73) grew luxuriantly upon direct inoculation, but only 
two small colonies grew after treatment. Similar results were reported 
previously (1). 

After the development of these media we carried on a series of experi- 
ments to test the efficiency of the two best media by culturing a variety 
of suspected materials, most of which were negative by direct smear, 
Table 4 reveals our findings. Twelve controls, consisting of a variety 
of known tuberculous exudates, developed rapidly growing cultures. 
Only three animals were inoculated with these specimens. Fourteen 
suspected specimens, negative by direct smear, were cultured, and 
twelve produced growth, with one negative result and one contamination. 
There were eleven of these specimens that were cultured, and inoculated 
into guinea pigs simultaneously. Almost half a gram was inoculated 
subcutaneously into the guinea pigs, while approximately one-fifth of 
that amount was inoculated on the culture tubes. As we used almost 
six tubes of each specimen, it means that about the same quantity of 
material was used for culture and animal inoculation. By increasing the 
number of tubes the percentage results may be increased. The result 
of this comparison shows that there was agreement in nine specimens; the 
animals were positive in one specimen for which the cultures were 
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negative, and in the case of one specimen that was contaminated. Three 
cultures grew from specimens that were negative in animals, but on | 
inoculating into guinea pigs proved to be tubercle bacilli. This gives ] 
an advantage of 11.7 per cent more positives on cultures than animal 
inoculation. It may be conservatively stated that our culture method 
yields results equal to animal inoculation. It is conceivable that some 
microorganisms are too few or too weak to produce tuberculosis in animals, 4 
yet the cultures grow. On the other hand, it is possible for animals to 
develop the disease from degenerated microérganisms that will not 
regenerate in cultures. For diagnostic work, therefore, both methods a 
should be used. 4 

In ten proved negative tuberculous specimens all tests were negative. 
This is quite important, because some of these specimens were considered 
clinically tuberculous. At the time of the tests, however, they were 
negative. 


DISCUSSION 


Although largely empirical, there are several definite objects obtained | 
by this method of culturing tubercle bacilli from septic material. They a 
are: 


1: To kill or dilute out the contaminating microérganisms. a 
2: To inhibit the growth of spores and resistant cocci that may be carried ‘7 
over. 
3: To enhance the optimum growth of tubercle bacilli themselves. 


Occasionally it is desirable to culture material directly without any 
treatment, for we have obtained a growth without treatment while the 
treated specimens were apparently killed. If possible, therefore, it is . 
better to inoculate directly, as described previously (1). Otherwise, the . 
treatment must be done with the idea that the tubercle bacilli are not 
altogether passive to the influence of the chemical agent, however mild. 
The aim should be to do all the possible destruction to the contaminators 
with as little as possible to the tubercle bacilli. As we said above, there a 
is little to choose between the:acid and the alkali methods when used k 4 
as prescribed. Each has its advantages, but at present we believe that 
the method used according to our directions serves best for all purposes. 
As to the second point, many chemical agents have been used to inhibit 
the growth of spores and associated living forms. We contend that 1 
chemical agents will inhibit many strains of tubercle bacilli as well as i 
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associated microérganisms, and that good results can be obtained in the 
majority of cases without them. To perform this we have applied 
another principle, namely, selective environment. In this method we 
establish optimum conditions for the growth of typical acid-fast bacilli 
with the least favorable conditions possible for the sprouting of spores 
and the growth of other forms. 

To this end, material must be highly concentrated, carefully pre- 
pared, and spread out in a thin layer on the surface of the medium, as 
we have previously indicated, so that a dry surface of the medium is left 
after inoculation and no debris may be piled up on the surface. Then 
the medium must be enriched, to favor the formation of acid-fast forms 
and not the formation of degenerate coccoids and bacillary forms that 
may come from granules. There are spore-formers that we have been 
unable to suppress by our method, but for most pathological specimens 
it is the best. Growth catalysts of the nature of vitamines undoubtedly 
play a réle, as shown. by Uyei (10), but it seems that more must be 
learned of these factors before we can say much about them. We feel 
that environmental conditions, especially those pertaining to water 
and oxygen, are important, and next comes the proper balance of as- 
similable food. The food incidentally is rich in vitamines A and C, 
but we are not sure how much damage the heating does to vitamines 
B and D. 

Some sputa contain non-acid-fast gram-negative bacilli of the same 
size as the tubercle bacillus. Some of these microérganisms are not 
killed by the usual treatment, and they frequently contaminate the 
medium. This is one of the reasons why all tubes of certain specimens 
of sputum were contaminated. Many of these tubes are later over- 
grown by tubercle bacilli; so, unless the medium is liquefied, it should 
not be discarded. One specimen of sputum, five days after seeding 
was found contaminated with a growth of red colonies of cocci. These 
tubes were kept in an incubator for observation, and after twenty days 
_it was found that in the centre of the original colonies long irregular violet 
bacilli were present, to be followed by a growth of typical tubercle bacilli, 
apparently in a developmental cycle. ' 


SUMMARY AND CONCLUSIONS 


1. In culturing tubercle bacilli from pathological material, we must 
consider the subject from three standpoints, namely, the treatment of 
the material, the inhibiting substance, and the culture medium. 
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2. The treatment of the material seems to rest between the acid and 
the alkali methods. We have obtained our results by exposing the 
material to 3 per cent sodium hydroxide for exactly 20 minutes, thereby 
killing most of contaminators and concentrating the material. 

3. It was-found better to inoculate directly without treatment, when- 
ever possible, because any caustic agent will be detrimental to a certain 
number of tubercle bacilli. 

4. As to inhibiting substances, we have practically abandoned them 
entirely. We rely upon a careful preparation of the material and what 
may be termed a selective environment. 

5. Inoculation on the medium is done in such a manner that conditions 
are best suited for growing acid-fast tubercle bacilli and retarding the 
sprouting and growth of contaminating microérganisms. 

6. Several culture media for growing tubercle bacilli have been de- 
scribed, two of which are recommended for use. One consists of veal-egg 
medium, in which the veal is leached with sterile milk instead of water 
as in the Petroff method, and the other is like the first except that 10 
per cent sterile cream is substituted for glycerine. Over 90 per cent of 
positive results were obtained consistently by these methods with less 
than 15 per cent of contaminations. The cream medium is especially 
good for growing the bovine tubercle bacillus. In comparing these 
media with animal inoculation, in which a series of 24 specimens, nega- 
tive by direct smear, were used, ten of them were negative by all methods 
and were ultimately declared so clinically. In fourteen others 85.7 
per cent were positive by culture while 72.8 per cent were positive by 
animal inoculation. Although one animal was positive with contami- 
nated culture, three cultures grew from specimens that were negative 
on inoculation into guinea pigs. 
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THE FATE OF TUBERCLE BACILLI IN VARIOUS ORGANS! 
H. J. CORPER anp NAO UYEI 


We have passed through the period when tuberculosis was believed 
to be an always fatal and hopeless disease because we saw only its end- 
results at the postmortem, and stressed these at the expense of the 
healing process. To-day we are concerned more with healing processes, 
their mechanisms, and how we can bring the balance of biological reaction 
to bear upon this side of the host-parasite equation. So also in experi- 
mental studies there was a time when we were content to inject animals 
with tubercle bacilli, regardless of amount, provided only, that tubercu- 
losis might result. To-day we aim to recognize gradations that vary with 
the virulence of the microérganism used, the amount as well as the site 
of inoculation, and last, but not least, the species of animal concerned. 
Therefore, to consider the fate of tubercle bacilli in the various organs of 
animals or man may not be all that simplicity would wish to demand of 
this seemingly uncomplicated and easy problem. Many have been the 
uncontrolled clinical investigations leading to our present-day concep- 
tions that tubercle bacilli can remain alive in even calcified lesions for 
unreasonably long periods of time and that the tuberculosis of adult life 
is merely an exacerbation of an infection of childhood, conceptions re- 
cently so well challenged by Opie’s studies (1). 

It is evident that any amount of human experimentation can only 
result in presumptive evidence of a statistical nature, which must 
finally be clinched by controlled animal experimentation before all the 
practical possibilities of the balanced equation will be recognized and 
be placed in the realm of useful knowledge. 

To note that tubercle bacilli are destroyed in a lesion or in the body 
places a heavy responsibility upon the contender of this negative evidence 
in contrast to the opposite positive phase of discerning their distribution. 

It seems apparent from roentgenological findings denoting the involu- 
tion of lesions in man and from certain experimental studies that tubercle 
bacilli are destroyed in the body. Thus Manwaring and Bronfenbren- 


1 From the Research Department, National Jewish Hospital, Denver, Colorado. 
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ner (2), by staining methods, noted changes attributed to a possible 
lysis of the bacilli, especially in tuberculous guinea pigs as compared to 
normal animals, although their results were not as striking as those of 
Deycke and Much, and Kraus and Hofer. They noted that some strains 
underwent marked degeneration in the peritoneal cavities of normal 
guinea pigs. In rats, rabbits, dogs and monkeys similar lysis was 
observed. Isolated peritoneal tissues from tuberculous guinea pigs 
possessed the power of destroying tubercle bacilli im vitro. Recently 
Rogers (3), using human and avian tubercle bacilli injected intrave- 
nously into pigeons, found them to disappear rapidly from sections of the 
liver. Certain bacilli stained as beaded filaments, others intensely as 
homogeneous ovoid bodies, while others were but slightly tinted by the 
stain, and later a finely granular detritus, staining with carbol-fuchsin, 
remained. In our own earlier studies (4), in which the cytomorphosis of 
the tubercle bacillus 7m vitro was described, it was noted that the adult 
form of tubercle bacilli predominated in lesions in guinea pigs, and a 
process of dilution, with inability to find the bacilli microscopically in 
stained smears, made it impossible to determine accurately the morpho- 
logical changes undergone by the bacilli in these animals. 

Tissue-culture studies also make it appear that tubercle bacilli undergo 
disintegration or lysis in the tissue cells under certain conditions. Thus, 
in tissue cultures of the chick embryo, Smith, Willis and Lewis (5) noted 
a destruction of avian tubercle bacilli inside the cells, first becoming 
paler and losing their even contour, then developing a granular appear- 
ance, and finally completely disappearing. Lang (6) noted, on the other 
hand, a “symbiotic” growth of human tubercle bacilli in lung tissue 
from normal adult or young rabbits with a productive or an exudative 
response to infection, and final overgrowth by the bacilli. 

When reviewing this entire literature, however, one is reminded that 
Koch in his early studies (7) was unable to find tubercle bacilli except in 
the presence of evident tissue changes in human material, and even then 
at times with difficulty by staining methods; and this condition prevails 
to-day, there having been little improvement in the delicacy of these 
methods (8). In addition, Hess (9) emphasized the importance of viru- 
lence in the persistence of tubercle bacilli in the circulation, following 
intravenous injection, as tested by guinea-pig inoculation, also a latent 
phase and a subsequent reinvasion after large doses. He also noted 
certain irregularities in rabbits, such as the case of one animal in which 
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tubercle bacilli were obtained from the blood and autopsy failed to 
reveal tuberculous lesions. 

In earlier studies on organic tuberculosis we were impressed with a 
striking difference in susceptibility to human and bovine tubercle bacilli 
of different species of animals and a peculiar organic susceptibility 
occurring among certain species (10). Thus, the liver of the dog and 
the spleen of the guinea pig stood out as striking examples of irregular 
organic susceptibility, in contrast to the resistance of the spleen of the 
dog, which was attributed to the ability of the cells of these organs to 
react to the presence of the tubercle bacilli. Aside from the deposition of 
the bacilli following intravenous injection and the specific organic 
cellular factor, there was a third factor determining pulmonary sus- 
ceptibility in all the species studied, due to the growth of the tubercle 
bacilli in the organs as controlled by the oxygen tension of its source of 
oxygen. In these studies (11) it was also pointed out that adult man, 
as well as the infant, displays a decided resistance to human tuberculosis 
and resembles the rabbit and dog, as compared to the susceptible guinea 
pig and monkey, the former (rabbit) especially so with regard to organic 
involvement in this disease. 

These studies made it appear especially desirable to study the fate of 
the tubercle bacilli in the various organs of several different species of 
animals in the light of what was already known regarding organic tuber- 
culosis in these animals, and for this purpose there came into considera- 
tion the following methods of tracing the fate of the bacilli: (1) the 
staining of smears or sections for the bacilli, (2) the histological examina- 
tion of the tissues for the presence of tubercles, (3) guinea-pig inoculation 
for the determination of viability (and virulence) of the bacilli, and (4) 
culture studies for determining their viability. 

Although it is generally conceded that guinea-pig inoculation is more 
sensitive as a means of detecting the presence of tubercle bacilli than 
staining methods, the two methods have not been exactly compared, and, 
as a preliminary, this was done with smears and sections, beginning with 
a unit of 1 cc. of sputum and 1 mgm. (5 billion bacilli) of culture (12) 
as a standard for smears, and graded intravenous injections of tubercle 
bacilli as a standard for sections. The results of these comparative 
tests are recorded in tables 1 and 2. 

Tables 1 and 2 clearly indicate that the inoculated guinea pig is at 
least a thousand-fold more sensitive than the microscopic examination 
of stained smears for disclosing the presence of tubercle bacilli. This 
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accounts for the apparent difficulties encountered in our earlier studies 
and in the present study, in attempting to follow the morphological 
changes occurring in tubercle bacilli during the course of infection in 
animals. It is readily seen that overwhelming amounts of bacilli are 
required, to be able to follow these changes in the animal body; and, when 
virulent bacilli are used, there occurs a rapid progression of the disease 
to fatal outcome, without our being able to note changes occurring during 
the desired time of destruction of the bacilli; or a rapid dilution, due to 
an acute focal reaction, occurs, which results in a relative extinction of 
bacilli, without our being able to consecutively and accurately follow 
the morphological changes resulting. Although this can be counter- 


TABLE 1 


A comparison of guinea-pig inoculation and the microscopic examination of the stained smear 
for detecting tubercle bacilli in sputum 


AMOUNT OF BACILLI IN MICROSCOPIC RESULTS OF GUINEA-PIG 
MILLIGRAMS ADDED OIL-IMMERSION FIELDS INOCULATION WITH 
TO 1 CC. OF SPUTUM EXAMINED VIRULENT HUMAN BACILLI 


1.0* 473 +** 
0.1 20 48.6 + 
0.01 20 4.55 + 
0.001 100 0.25 + 
0.000, 001 Over 500 None + 


0.000,000,01 Over 500 None + 


* One milligram contains approximately 5 billion bacilli. The smears were stained after 
heat fixing with steaming carbol-fuchsin, using acid alcohol for decolorizing and methylene- 
blue as a counterstain. 

** + indicates that the sputum, injected subcutaneously in about 0.2 to 0.5-cc. amounts, 
would cause generalized disease in the guinea pig within 3 months. 


acted by using large numbers of avirulent or dead bacilli, there remains 
the uncertain feeling that this type of test does not parallel the sequence 
of events in moderately virulent or virulent infection as it exists in man. 
So far as we have been able to follow the sequence of morphological 
changes, as these occur in the rabbit and dog, there appears to be a 
certain parallelism between the 77 vitro and in vivo morphological changes 
occurring in the tubercle bacilli consequent to their destruction in the 
body. 

Since certain obvious technical difficulties occur in determining the 
fate of virulent tubercle bacilli in highly susceptible animals, such as 
guinea pigs and monkeys, and since these animals do not resemble man 
in susceptibility unless attenuated or small numbers of bacilli are used, 
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it was decided to study the fate of virulent human tubercle bacilli in 
rabbits and dogs, which are more resistant animals, using as tests for this 
purpose, first, microscopic examination both for bacilli and tubercle and, 
in addition, guinea-pig inoculation, the most sensitive test for the pres- 
ence of virulent tubercle bacilli available at the time this work was 
initiated. The infecting dose for intravenous administration was chosen 
just large enough to be nonlethal in the majority of cases for the species 


TABLE 2 


A comparison of guinea-pig inoculation and stained sections of rabbit’s spleen and dog’s liver 
for finding tubercle bacilli after intravenous inoculation* 


AMOUNT OF TUBERCLE BACILLI IN MILLI- 
GRAMS PER POUND BODY WEIGHT 
INJECTED INTRAVENOUSLY INTO THE 
ANIMAL 


METHOD OF EXAMINATION 


| 0.000,000,1 


Carbol-fuchsin 
Rabbit’s spleen stained sections /|2.86** 
Guinea pig +*** 


Carbol-fuchsin 
Dog’s liver stained sections 1.44 |0.02/0.006) 0 
Guinea pig + 


* The tissues were fixed in Zenker’s solution for examination, one day and one week after 
the intravenous injection of a virulent strain*of human tubercle bacilli. The 1-day series 
only is recorded, since the findings after one week were approximately the same as after the 
one-day interval. 

** The figure recorded is the average number of bacilli found per oil-immersion field 
resulting from the examination of from 50 to over 500 fields. 

*** A virulent strain of human tubercle bacilli capable of causing a generalized disease 
in guinea pigs by subcutaneous infection in amounts less than 0.000,000,1 mgm. within 2 
months was used; + indicates that the guinea pig, given a subcutaneous injection of 0.1 to 
0.2 gm. of ground tissue, had developed generalized disease within 2 to 3 months while 0 indi- 
cates that such involvement was absent after this time. 


under consideration, and a second dose considerably less and still within 
the range that could be determined by inoculation of the most important 
tissues into guinea pigs. On the basis of previous experiences, a series 
of rabbits were given intravenous injections of suspensions of virulent 
human tubercle bacilli (capable of infecting guinea pigs in amounts less 
than 0.000,000,1 mgm.) so that the animals received either 0.1 or 0.001 
mgm. per pound body weight, after which guinea pigs were inoculated 


0.06/0.006) O 0 0 
+114) 
0 0 
| +| 0 
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subcutaneously with 0.1 to 0.2 gm. of ground tissues taken at different 
intervals and aseptically obtained, with due precautions observed to 
avoid cross or outside contamination. The organs examined were the ; 
lung, liver, spleen, bone-marrow, kidney, thyroid, adrenals, pancreas, 


TABLE 3 
The viability of virulent human tubercle bacilli in the organs of the rabbit 


RESULTS OF INOCULATION OF ORGANS INTO GUINEA PIGS 


INFECTING | WrIGHT 
OF INTERVAL BETWEEN 
| POUNDS a| 2 2/3 |g | testes | 
6.0 1 day 44 2 0 

0.1 is 2 weeks 4};4)/4/4/3)4/3)3]4)]0)] 3 0 
7.0 6 weeks 0/0 0/0 
9.5 33 months (d)** | 4 0 

8.5 10 months 3};01/1/3)/0}/2/0/0/0;0)0 0 


8.0 1 day SiS} 2,0) ort 0 
5.5 1 week 0/0 
0.001 8.0 2 weeks 4) pes 0 
8.5 6 weeks 0;0 & 
8.5 94 months 0/0 


* The amount of tuberculous involvement, found postmortem in the guinea pigs (usually 
three used for testing each organ) 2 months after inoculation with the tissue designated, is he 
recorded from “0,’’ designating no macroscopic disease, to ‘‘4,” designating a massive gen- 4 
eralized disease involving all of the more important organs: “1” indicating only local lymph- a 
node involvement; “2,” local and tributary lymph-node and slight splenic involvement; a 
“3,”? marked lymph-node and splenic involvement with slight hepatic and pulmonary disease. 9 
The figure given is the average of the findings in all the animals that either lived for two : 
months or that had a “4” involvement before this time. 

** “d”” indicates that the animal died and was examined within a few hours after death. 
All the other animals were killed by exposure to illuminating gas. 


omentum, ovaries or testes, tracheal and mesenteric lymph nodes, and : 
thymus. 

On account of the greater susceptibility of dogs to virulent human a 
tubercle bacilli, these animals were given intravenous injections of 0.01 
or 0.000,01 mgm. per pound body weight, and the same organs were 
examined. It was soon noted that smears from the various organs, 
including those receiving the heavier deposits of tubercle bacilli like the 
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lung, liver, spleen and bone-marrow, were usually negative, and, when 
positive, this occurred irregularly and sparsely, making this test of no 
practical value for determining the fate of the tubercle bacilli in this 
experiment. In testing the various organs by guinea-pig inoculation 
usually three guinea pigs were inoculated from each organ specimen. 
The results of the guinea-pig inoculation tests taken at different intervals 
after intravenous inoculation of the dogs and rabbits, are recorded in 
tables 3 and 4. 


TABLE 4 
The viability of virulent human tubercle bacilli in the organs of the dog 


RESULTS OF INOCULATION OF ORGANS INTO CUINEA PIGS 


INFECTING ) 
DOSE IN 
MILLI -RAMS 
PER POUND 
BODY 
WEIGET 


WEIGHT 
INTERVAL BETWEEN 
INFECTICN 
AND EXAMINATION 


Ovaries 


1 day 

1 week 
2 weeks 
1 month 
3 months 
1 months 


W bd | Bone-marrow 
ON WW | Tracheal nodes 
OWN | Mesenterit nodes 
| Omentum 
| Thyroid 
OWN OC |Adrenals 


Owe oo o | Pancreas 


4 
+ 
4 
3 
4 
0 


& | Liver 
SONY w | Kidney 


2 


1 day 
1 week 
2 weeks 
6 weeks 
13} months 
25 months 


coco 


SON, & 
SCOP DM 
Coo CO 
WOO 
© 
ooooc 
o @ @ 6 © @ 
eoe 


oo 


0 


* The footnote to table 3 also applies for table 4 in grading the tuberculous involvement 
found in the guinea pigs 2 months after injection of the tissues being tested. 


A number of pertinent facts are discernible from the data recorded in 
tab‘es 3 and 4. It is to be noted that while viable bacilli by guinea-pig 
inoculation are found primarily early in the four important organic 
depots, the lung, liver, sp'een and bone-marrow, following intravenous 
injection into rabbits and dogs of both large and small amounts of bacilli, 
the bacilli either disappear with the smaller intravenous injection, giving 
way to negative guinea-pig findings, or, as with the larger injection, there 
results a generalization of the bacilli, so that they may be found in 
practically all the organs examined in addition to the heavily seeded 


or 
testes 
q 
| 17 4* 0 
17 4 0 
14 4 0 
4 0.01 22 3 0 
| 18 4 2 
: { 17 | 0 0 
4 ( 23 3 
|} 31 4 
24 3 
0.000,01 
26 0 
14 0 
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depots, such as the lung, liver, spleen and bone-marrow. On account 
of the limited gradation of the guinea-pig inoculation test, no relative 
quantitative findings were obtained with regard to the heavily seeded 


Fic. 1. Photograph of a young dog, 21 months after intravenous injection of 0.01 mgm. 
per pound body weight of virulent human tubercle bacilli, with recovery. The changes in 
the permanent structures, such as the bones and teeth, consequent to the period of severe 
disease during the early months of infection are evident. The parenchymatous organs, lung, 
liver, spleen, bone-marrow and kidney, revealed no evident microscopic tuberculous changes 
postmortem. 


depots, such as were previously recorded from earlier reported infection 
and anatomico-pathological studies. An interesting observation is, 
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however, recorded in that, as seen in the case of the 18-months’ interval 
rabbit, given the smaller amount of bacilli (0.001 mgm.), when the bacilli 
are not regularly destroyed and infection slowly holds on, it foreshadows 
the organic (pulmonary in the case of the rabbit) susceptibility in its order 
of involvement previously recorded by us (10) (11). Although histo- 
logical sections of the organs of the animals were not made from the 
tissues of the foregoing series in the earlier stages of the study, they were 
made in the case of the dog given 0.01 mgm. of bacilli per pound body 


Fic. 2. Photograph of the left side of the head of the same dog as in fig. 1, showing dis- 
tinct changes in the teeth incident to recovery from a severe tuberculous infection. 


weight and examined 21 months after infection, and in the dog given 
0.000,01 mgm. of bacilli per pound body weight and examined 25 months 
after infection. It was interesting to note that in neither case was there 
found evidence of the presence of tubercle by microscopic examination 
of any of the organs, in spite of the fact that the majority of the dogs 
given the large infecting dose (0.01 mgm. per pound) at some time during 
the first to third months passed through a rather severe period of illness, 
associated with fever, loss of appetite, emaciation at times, loss of hair, 
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and occasional mild ascites and abdominal tenderness. A rather inter- 
esting case was that of the dog given the large dose of bacilli (0.01 mgm.), 
and having been carried through the period of severe illness while still a 
puppy and during the formative period of its teeth. This animal, 
killed 21 months after infection, revealed profound changes in the teeth 
and bony structures of the body which persisted (as depicted in figures 1 
to 3) until examined, at which time, however, no evidence of tuberculosis 
(as tubercle) in the parenchymatous organs of the animal remained. 


Fic. 3. Photograph of a corrosion preparation of the front view of the head of the dog 
depicted in fig. 1, showing the changes wrought in the incisor and canine teeth in the formative 
period during recovery. 


These same findings appeared after recovery in a number of other puppies 
infected with fairly large doses of bacilli. It must be noted, however, 
that in all the studies reported earlier disease was a paramount considera- 
tion, while in the studies recorded above infection and viability of bacilli 
are being considered. It, therefore, becomes of interest to note the 
presence of tubercle in these animals. Since the foregoing recorded 
experiments were performed, in which smears of the tissues were stained 
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for tubercle bacilli without avail, another and larger series of animals 
were likewise given intravenous injections of suspensions of tubercle 
bacilli and sections of the organs prepared and stained with haematoxylin 
and eosin for histological study, and with carbol-fuchsin and methylene- 
blue for demonstrating the presence of tubercle bacilli. In addition 
cultural studies were undertaken with these tissues by a new method 
(12) which has proved equal in efficiency to the guinea-pig inoculation 
test. It is too early to make a complete report of this part of the 
study since it has been pursued only slightly beyond the eighth month, 
but the tabulation of the histological examinations for tubercle is of 
some value at this time and is, therefore, recorded as far as completed. 
These observations are recorded in table 5. 

It is clearly evident, from a comparison of the data presented in tables 
3 and 4 with those recorded in table 5, that tubercle or other evident 
microscopic pathological change need not develop in the organs of the 
rabbit or dog, in spite of the presence of tubercle bacilli in these organs 
in fairly large numbers as determined by guinea-pig inoculation. It is 
also to be noted that tubercle, when it develops as a result of the intra- 
venous injection of the amounts of virulent human tubercle bacilli used 
in these experiments, develops mainly in the organs in which heavier 
deposits occur following this mode of injection, and then also primarily 
in the order of the organic susceptibility previously recorded. Thus, the 
lung of the rabbit and the liver and lung of the dog stand out preémi- 
nently. The presence of tubercle in the organs of these animals is a far 
less sensitive test for the presence of tubercle bacilli in tissues than 
guinea-pig inoculation and, as will also be pointed out in a subsequent 
report, than the culture method recently described by us. Although the 
absence of tubercle itself can hardly be considered as sufficient evidence 
for the destruction of the tubercle bacilli in the organs of the dog and 
rabbit its evident absence in certain of the animals after a certain interval 
of time parallels the guinea-pig inoculation findings. 


SUMMARY AND CONCLUSIONS 


Guinea-pig inoculation is a far more delicate test for the presence of 
tubercle bacilli in tissues following intravenous injection of these bacilli 
into dogs and rabbits than are stained sections for bacilli or the develop- 
ment of tubercle or pathological tissue changes in the organs of these ani- 
mals. The morphological changes in the bacilli occurring during their 
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destruction in the organs of rabbits and dogs are difficult of determination 
when virulent bacilli are being used, because the number of bacilli are too 
few to be satisfactorily discernible by staining methods for this purpose. 
Comparatively large numbers of dead or avirulent bacilli must be given, 
so that they can be observed in stained smears with the microscope. Such 
observations as have been made make it seem likely that tubercle bacilli 
undergo the same changes 7 vivo as occurs during cytomorphosis 7m vitro. 
As gauged from guinea-pig inoculation of the organs of rabbits and 
dogs at intervals after the intravenous injections of nonlethal amounts of 
virulent human tubercle bacilli, these bacilli are actively destroyed in the 
various organs of the rabbit and dog, although at a variable rate. In 
general, however, while viable tubercle bacilli were found early after 
injection into the circulation primarily only in the important organs of 
deposition, namely, the lung, liver, spleen, bone-marrow and kidney, 
as these animals either succumbed to the infection or survived, the bacilli 
would be found in the majority of the organs tested or would disappear 
following recovery from infection, leaving in many cases no appreciable 
histological evidence of the previous presence of these bacilli except such 
as might occur in growing young animals, with impairment of the perma- 
nent parts of the body, such as the teeth and bones. The animals, given 
large amounts of bacilli, usually passed through a symptomatic period of 
acute illness, which terminated either in recovery, with subsequent 
absence of disease, or a fatal outcome with generalized disease. In some 
cases, in which disease persisted or developed after a lapse of time, the 
lesions and presence of bacilli (as determined by guinea-pig inoculation) 
usually predominated in those organs previously recorded from our 
studies on organic tuberculosis as most susceptible to the disease, such 
as the lung of the rabbit and the liver and lung of the dog. The usual 
incidence of fatal outcome following intravenous infection was variable 
in the resistant animal given relatively large infecting doses, but the 
period lay between the first and sixth months after infection, with the 
earlier months, following the first, being most consequential. After six 
to nine months recovery was the rule. 


REFERENCES 


(1) Opre, E. L.: J. Exp. Med., 1917, xxv, 855; xxvi, 263. Amer. Rev. Tuberc., 1922, vi, 
525; 1924, x, 249. J. Am. Med. Assoc., 1927, lxxxix, 1293. Arch. Pathol., 1927, 
iv, 1: 

(2) ManwarincG, W. H., AND BRONFENBRENNER, J.: On the lysis of tubercle bacilli, Proc. 

Soc. Exp. Biol. & Med., 1912, x, 30. Intraperitoneal lysis of tubercle bacilli, 

J. Infect. Dis., 1913, xviii, 601. 


nals 
rcle 
ylin 4 
tion j 
hod 
ion 
the 
ed. 
les 
ent 
the 
ans 
is 
ra- 
we 
he : 
é 
far 
an 
q 
he 
ce 
nd 
al 
of 
lli 
P 
i- 
air 


686 H. J. CORPER AND NAO UYEI 


(3) Rocrrs, J. C.: The fate of human and avian tubercle bacilli in the liver of birds, Amer. 
Rev. Tuberc., 1928, xvii, 192. 
(4) Correr, H. J.: Cytomorphosis of the tubercle bacillus and other acid-fast microdrgan- 
isms, J. Lab. & Clin. Med., 1926, xi, 936. 
(5) Sara, D. T., Wixxts, H. S., anp Lewis, M. R.: The behavior of cultures of chick 
embryo tissue containing avian tubercle bacilli, Amer. Rev. Tuberc., 1922, 
vi, 21. 
(6) Lane, F. J.: The reaction of lung tissue to tuberculous infection in vitro, J. Infect. 
Dis., 1925, xxxvii, 430. 
(7) Kocu, R.: Arb. a. d. Kaiserl. Gesundheitsamt, 1884, ii. 
(8) Corrrr, H. J.: Methods of staining tubercle bacilli, J. Lab. & Clin. Med., 1926, xi, 
503. 
(9) Hess, A. F.: The relation of the virulence of the tubercle bacillus to its persistence in 
the circulation, Collected Studies from Bureau of Laboratories, Dept. of Health, 
New York City, 1912-1913, vii, 58. 
(10) Correrr, H. J., Lurie, M. B., anp Uver, N.: The variability of the localization of tuber- 
culosis in the organs of different animals, Amer. Rev. Tuberc., 1926, xiv, 662 & 
680; 1927, xv, 65, 237 & 389. 
(11) Correr, H. J.: Organic tuberculosis in man analyzed from postmortem and experi- 
mental data, J. Am. Med. Assoc., 1927, Ixxxix, 1756. 
{12) Corrrr, H. J.: The virulence of the tubercle bacilli isolated from the sputum, J. Infect. 
Dis., 1918, xxiii, 500. 
Corper, H. J., aNnD Uver, N.: The isolation of tubercle bacilli from contaminated 
tuberculous materials, Amer. Rev. Tuberc., 1927, xvi, 299. The cultivation of 


tubercle bacilli: an improved method for isolation from tuberculous materials, 
J. Lab. & Clin. Med., 1928, xiii, 469. 


| 
| 
| 


TUBERCULOSIS MORTALITY IN THE ORIGINAL DEATH- 
REGISTRATION STATES 


A Statistical Study of the Death-Rates from 1900 to 1924 and of the 
i, Influence of Certain Factors upon Them! 
n CORA E. GRAY? 
h, The great decline in the death-rate from tuberculosis in recent years 
,: has been viewed from many angles and the cause variously assigned to a 
& reduction in the virulence of the tubercle bacillus, to an increased im- 
munity among civilized nations, to a general betterment in living con- 
i- ditions with a consequent higher standard of living, and to the effective- 
'" ness of the antituberculosis campaign. The present study was under- 
taken in the hope of determining whether the decline in the tuberculosis 
d death-rate for certain representative areas in the United States could be 
‘ correlated with any of the specific factors commonly assumed to play a 


part in the control of this disease. 

The ten states of the original registration area were selected for study. 
No corrections have been made for deaths of nonresidents or for deaths 
occurring outside the state since interstate migration is probably not 
very important for this area (1). The death-rates and changes in the 
rates have been studied for each state and also for the ten states as a 
whole, although the figures for the area as a whole are too much weighted 
by the large populations Massachusetts and New York to furnish an 
ideal base-line. The ages considered follow largely the older census- 
grouping except for ages 1 to 4 and also for ages 70 and over. For the 
purpose of avoiding chance variation in any one year, five-year averages 
beginning with 1900-1904 have been used. 

Certain difficulties have arisen because of alterations made in the 
reports of the Census Bureau. The first of these is due to the changes 
in classification of deaths from tuberculosis of the larynx. From 1900 
to 1909 inclusive, the Mortality Statistics Reports listed Tuberculosis of 


1 A portion of a thesis presented in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy at Yale University, Department of Public Health, Yale School of 
Medicine. 

2 Cawtaba College, Salisbury, North Carolina. 
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the Larynx as a separate title, but in 1910 this title was discontinued. 
From 1910 to 1920 deaths from tuberculosis of the larynx were reported 
under Tuberculosis of Other Organs, but beginning with 1921 they were 
included with Tuberculosis of the Respiratory Tract. ‘Thus data on deaths 
from tuberculosis of the lungs are available from 1900 to 1920 inclusive, 
but beginning with 1921 figures for deaths from tuberculosis of the 
respiratory tract must be used. The following table shows that the 
error introduced is probably not large. 


Percentages which the average yearly deaths from tuberculosis of the larynx form of those from 
tuberculosis of the lungs in the Registeration States of 1900 


1900-1904 1905-1909 


per ceni per cent 


All ages 0.9 


Under 1 
1-4 
5-9 

10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70 and over 


OOOO 


OKA MAb 


For the area as a whole, both in 1900-1904 and in 1905-1909, deaths 
from tuberculosis of the larynx formed about 1 per cent of those from 
tuberculosis of the lungs although the individual states vary somewhat, 
especially when the numbers are small. While similar figures are not 
available for 1921 to 1924 there is no reason to suppose that the ratio 
would be very different. The assumption seems justified that the figures 
used for 1921 to 1924 are about 1 per cent too high, an error which, in 
this case, can be disregarded. 


DEATH-RATES IN THE REGISTRATION STATES OF 1900 


The death-rates in the various states and in the area as a whole have 
been calculated by 5-year periods from 1900 to 1924 for all causes, for 
tuberculosis of the lungs, and for other forms of tuberculosis. Figure 1 
shows the death-rates by age-groups for the area as a whole for 1900-1904 


and for 1920-1924. 


THE REGISTRATION STATES 
or 1900 


100 


where 


§ 
Z 
3 
g 
7 


eam 


Dther Torms Tuberculosis 


Age in Years 


Fic. 1, AVERAGE YEARLY DEATH-RATES PER 100,000 PopuLATION By SPECIFIED CAUSES AND 
AcEs For 1900-1904 anp 1920-1924 mn THE REGISTRATION STATES OF 1900 


689 


10.000 
ued. 
rted 
were 4 
aths 
sive, 
| 
the 
the 
1000 
of the [Lung 
0m 
res « 
In 
ve 4 
or q 
04 
g 


TABLE 1 


Average yearly death-rates from all causes per 100,000 population 
Death-rates per 100,000 population 


AGE-GROUP 


50-59 


70 and over 


Registration 1900-1904/13 , 288 

States of 1900 |1905—1909)14, 100 
1910-1914/12 ,494 
1915-1919]11 ,634 
1920-1924] 8,914 


Connecticut 1900-1904/14 , 469 
1905-1909] 14,215 
1910-1914/13, 127 
1915-1919]12 , 110 
1920-1924} 7,890 


1900-1904) 10,710 
1905-1909) 10, 265 
1910-1914) 9,612 
1915-1919) 9,542 
1920-1924] 8,298 


1900-1904| 12,917 
1905-1919]13 349 
1910-1914]11 
1915-1919]11, 200 
1920-1924|10,715 


Massachusetts {1900-1904/15 ,979 
1905-1909/16, 103 
1910-1914/14 222 
1915—1919]13 ,179 
1920-1924) 9,420 


1900—1904)11 , 612 
1905-1909) 12 ,099 
1910-1914/11, 155 
1915-1919) 10,713 
1920-1924) 9,148 


New Hampshire |1900—1904/13 ,561 
1905—1909/16, 380 
1910—1914/15 ,020 
1915~—1919}13 , 257 
1920-1924| 10,758 


~ 


Ss 


4,844 


3,748 


3,197 
3,058 
3,287 
3,150 
3,229 


3,133 
3,060 
3,456 
3,359 
3,298 


4,032 
4,151 
4,273 
3,935 
3,835 


3,244 
3,177 
3,280 
3,406 
3,261 


3,525 
3,624 
3,624 
3,631 
3,610 


3,796|10,456 
3,874|10, 336 


3,859|10, 872 
3,814/10,459 


3,946|10,539 
3,997|10,468 
4,001}11,000 
3,715|10, 634 


10,702 


9,970 


10,103 
9,412 
10,300 
9,582 
9,400 


9,823 
9,548 
10,249 
10,549 
10,421 


10,801 
10,595 
10,713 
10,966 
10,920 


10,370 

9,839 
10,103 
10,685 
10,368 


10,020 
10,283 
10,724 
10,754 
10,813 


* Crude rate. 


| 1,655]415|353|673] 862/1,179 1,598 
820|1, 122 1,542 
1,278|231|281|525| 755|1,128 482 
1,193/338/337|705| 72/1, 150 1,523 
817|278|2521433| 582| 918 1,275 
1,508/415|360/600] 793/1,117|1,930/ 609 
| 1,374|366|311|566| 785|1,091|1,834 1,570 
1,272|330|268|496| 721]1, 103|1 856 1,504 
1,177|355|348|782| 958|1,234|2,044 1,598 
752|264|196|385} 550| 855/1,703 1,204 
Indiana 1,296|337|374|697| 722] 916|1,488 1,342 
681] 855|1,367 1,291 
1,042|289|2921557| 833|1,558 1,308 
747| 915|1,524 1,368 
761|257|276|462] 567} 789|1,404 1,247 
Maine 726] 905/1,510 1,613 
665] 877|1,501 1,595 
974|299|308|550| 663] 893]1,628 1,602 
846|299|345|676| 818] 920]1,489 1,617 
690/227|250/419| 567] 771|1,439 1,461 
1,760/434|342/627| $28|1,180|2,061 1,671 
1,519]378|315|553] 783|1,074|1 ,967 1,605 
700]1 ,096|2 ,028 1,530 
918|1,141/1,884 1,586 
| 799|277|197|383| 862|1,703 1,276 
Michigan 1,087|312|342|508| 652] 872/1,413 1,323 
1,058|292/3241530| 856/1,425 1,334 
| 970|298|278|505| 616] 840/1,515 1,313 
935|318/318|608| 893/1,620 1,346 
763|306|278/459| 593] 846|1,463 1,214 
1,506|386|346|606| 729] 965]1,686 1,637 
741] 975/1,595 1,724 
1, 143|310|269/513] 672] 986/1,788 1,697 
1, 109|295|350|763} 904|1,023]1 , 639 1,746 
742|251}248|394 778|1,511 1,497 
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TABLE 1—Concluded 


AGE-GROUP 


70 and over 


02/4, 181/11,370/1 
866/4 094/10, 767/1,219 


New Jersey 1900-1904] 15 420|1, 622 
1905-1909) 14 , ,638/412/326/593} 837 1,171 2 ,002/4,076)10, 188)1 ,519 
1910-1914/13 ,055}1 782)1,179|2,147/4, 261/10, 880)1 ,458 
2 
1 


1915—1919}12 , 194/1 933)1,235 
1920-1924] 8,763) 577) 960 


New York 1900-1904| 12, 830|1 ,015|1 ,386/2,246/4, 159|10,654]1,719 
1905-1909] 14, 883]1 , ,639 
1910-1914|12,806|1 843|1,310|2,292/4, 461/11 ,086|1,547 
1915-1919|11 ,674|1 ,308|346/340|715| 908]1,288|2, 160/4, 193]11,330|1 ,564 
1920-1924] 8,746] 869/281|262/440] 298 


Rhode Island {1900-19041 ,458/2, 205/489|381|701| ,437|1 
1905-1909] 16, 093|1, 759|406|327|589| 
1910-1914|14 ,078|1 ,501|368|279|513| 164]1,581 
1915-1919]13,352|1 ,482|393/329|755| 780}1 
1920-1924] 9,990] 953|291|237/410} 583] 908/1,850/4,160/11,112/1 


Vermont 1900-1904/11 , 859] 1 708) 
1905-1909} 12 , 436) 1 654) 
1910-1914/10,517} 828/251/261|498} 625) 912/1,615/3 ,621/10,788|1, 
1915-1919) 9,936] 760/265/336/668| 798) 
1920-1924) 8,844) 616/204/243/410| 571) 


The death-rates from all causes by states and specified age period 
are shown in table 1. They exhibit the usual peaks in infancy and old 
age. In the death-rate from tuberculosis of the lungs (table 2) there 
occur in 1900-1904, for the ten states as a whole, three peaks from tuber- 
culosis of the lungs, namely, in infancy, at ages 30-39, and after 70. In 
1905-1909 the first two remain the same, but the third peak is very 
flat. By 1910-1914 the third peak has permanently disappeared. In 
1915-1919 the second peak is very flat and spread over ages 20-29, 30-39 
and 40-49. In the last period the second peak is in the age group 20-29. 
While all three peaks have been greatly lowered, these data do not 
confirm the statement that the peak death-rate is moving toward an 
older age-group. 

The death-rates from other forms of tuberculosis are shown in table 3. 
The same age-groups have been used as for the other tables, although the 
death-rate from other forms is important only in childhood and youth. 
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TABLE. 2 
Average yearly death-rate from tuberculosis of the lungs per 100,000 population 
Death-rate per 100,000 population 


AGE-GROUP 


Registration States of |1900-1904 

1900 1905-1909 
1910-1914 
1915-1919 
1920-1924} 


Connecticut 1900-1904 
1905-1909, 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Massachusetts 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


New Hampshire 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Crude rate. 
{ Based on less than 5 deaths. 


2 

101 | 32 | 13 | 79 | 241] 250] 210] 184] 201] 209 | 158 

86 | 29 | 12 | 71 | 206] 238] 196] 171] 177| 175 | 146 

56] 9] 9] 56] 171] 200] 191] 172] 159] 141 | 127 

46115] 8| 57 | 177] 155} 140] 121 | 123 

29110} | 42 | 123] 113] 112] 108] 111) 81 

129 | 39 | 19 | 90 | 217] 225] 190} 175] 186] 182 | 153 

94 | 32 | 14| 73 | 199] 216] 173] 146] 144] 150] 136 

54 | 22 | 10 | 56 | 165] 185] 183] 138] 140] 104 | 119 

45116] 7] 60| 183] 181] 175] 153} 133] 108 | 118 

22 | 12} 5 | 36 | 130} 123] 111] 86] 109} 71] 82 

Indiana 126 | 34 | 12 | 91 | 277] 227] 193] 188] 253} 321 | 164 

108 | 29 | 12 | 85 | 235] 190] 127] 152] 218] 282 | 145 

92 | 24] 10 | 59 | 192! 170] 141] 158] 208] 283 | 125 

49117} 8 | 176] 126] 133] 177| 223 | 111 

35 | 10] 5 | 43] 122} 88! 90] 138] 183} 78 

Maine 105 | 36 | 17 | 92] 250] 193) 152] 140] 169} 194 | 145 
103 | 29 | 12 | 82 | 206] 171] 129] 145] 167 | 124° 

60 | 16] 6] 57 | 174} 150] 120] 114] 134] 136 | 105 

42|10| 8 | 48 | 159) 142) 115] 96] 111] 92 

14] 7] 4] 35] 118] 104] 81) 80) 96 85] 67 

j 149 | 52 | 19 | 93 | 249] 251] 212] 190] 196] 196 | 171 

113 | 41 | 14} 75 | 207| 265] 185} 171] 167] 156 | 146 

67 | 24} 8] 58 | 166] 185] 177] 164] 150} 116 | 123 

65 | 20} 7 | 57 | 184} 189] 171) 139] 122} 93] 119 

41 | 13| 5 | 42 | 123] 115) 111) 107/ 101) 74] 81 

Michigan 53 | 5 | 54] 157] 126] 103} 93] 114) 118 | 987 

39 | 15] 8 | 149] 125] 97| 87] 101) 91] 84 

33 | 11 | 5 | 41 | 131) 115] 89] 84) 88) 73] 75 

34110] 7 | 43 | 136] 113] 92] 92) 94) 80] 78 

5| 40] 109} 88 78} 69} 71) 59] 62 

168 | 20 | 79 | 222] 200) 145} 133] 171].178 | 141 

136 | 35 | 14 | 64 | 191] 191] 146] 107] 139] 134 | 122 

61 | 46 | 158] 149] 140] 108] 84! 109 | 100 

64/15} 46] 158] 150] 132] 105} 99] 90] 96 

261, 34 | 105] 84) 83] 95] 75] 69 
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TABLE 2—Concluded 


AGE-GROUP 


New Jersey 1900-1904 


1905—1909)106 | 31 
1910-1914) 63 | 18 55 | 179} 217) 204) 170) 137 | 137 
1915-1919) 52 | 13 55 | 181) 195] 208) 179) 150) 117 | 127 


1920-1924 


1900-1904 
1905-1909} 68 | 27 72 | 212) 278} 253} 202} 201) 180 | 166 
1910-1914) 45 | 19 | 11 | 60 | 179) 240) 244) 216) 182) 141 | 147 
1915-1919} 38 | 16} 8 | 62 | 187) 202) 216) 191) 157) 119 | 137 
1920-1924 


New York 


1900-1904 
1905—1909]178 | 48 | 15 |. 77.| 232} 259) 214) 177) 193) 160 | 163 
1910-1914; 88 | 35 | 10 | 64 | 184} 218) 211) 180) 165) 147 | 139 
1915-1919) 73. | 29 | 12 | 70 | 219) 211) 210) 168) 134) 94) 139 
1920-1924} 54 


Rhode Island 


Vermont 1900-1904/101 | 30 | 77 | 183) 170) 140} 131) 169) 204 } 124 
1905-1909}114 | 26 | 60 | 184) 144) 137) 138} 130) 128 | 110 
1910-1914) 3t| 34 | 129) 119). 110) 124) 133) 105 8 
1915-1919] 45¢/ 7{| 39 | 121) 113) 118] 110) 108} 88} 80 
1920-1924) 28 | 99] 62} 100) 113) 108} 67 


REDUCTIONS IN DEATH-RATES 


Tables 4 to 6 show the changes in the death-rates by age-groups, 
by expressing the death-rate in each period as a percentage of the corre- 
sponding rate in 1900-1904. The percentage reduction in the death- 
rate from all causes is very similar in all states, generally large in child- 
hood and decreasing more or less regularly to old age. In every case 
but one (Michigan, ages 5 to 9) the total reduction in the death-rate from 
tuberculosis of the lungs is greater than that for all causes, especially at 
the younger and older ages. The death-rate from other forms of tuber- 
culosis after 20 should probably be disregarded because of the small 
number of deaths. 
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158. 140 | 32 | 12 | 74 | 249) 275] 237| 212] 241] 221 | 170 
146 
127 
123 4 
153 
136 
119 
118 
82 

64 
45 4 
25 
11 
78 
24 
05 
92 
71 
16 
9 
7 
8 
2 
1 
2 
0 
6 


TABLE 3 
Average yearly death-rates from other forms of tuberculosis per 100,000 population 
Death-rates per 100,000 population 


AGE-GROUP 


| 70 and over 


Registration States of |1900-1904 

1900 1905-1909 
1910-1914 
1915-1919 
1920-1924 


Connecticut 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905—1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905—1909 
1910-1914 
1915-1919 
1920-1924 


Massachusetts 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Michigan 1900-1904 
1905-1909) 
1910-1914 
1915-1919 
1920-1924 


New Hampshire 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


* Crude rate. 
¢ Based on less than 5 deaths. 


168 | 59 | 18} 12] 15| 14/15] 16] 20] 25] 22 

182 | 71 | 21] 14116] 16] 16] 18] 23] 22] 25 
161 | 76| 22 | 16| 20| 19] 18] 18 | 21] 22] 26 
139 | 65 | 19] 15 | 19 | 16] 16| 15] 16] 16| 23 

81 | 37} 9112]10]10| 10] 12] 12] 14 

91 | 53/12] 11] 11] 11/17] 16] 19] 20 

g4| 61/17 | 12| 14] 15] 13] 15) 17] 124 21 

621 76| 22] 15| 19] 18} 17] 17] 19] 13] 26 

84181] 17| 14| 20] 18116] 12/15] 117 26 

85/41/12] 9] 9] 10] 9] 9] 10] 104 14 

Indiana 114 | 37 | 11] 11] 16] 17] 21] 26] 39] 20 
149 | 48 | 13 | 16 | 23 | 22] 21 | 26| 34] 39] 27 

152 | 52] 15 | 16| 26| 25] 23 | 28| 39] 53] 29 

90 | 40 | 14] 16] 23 | 20] 20] 22} 28| 37] 23 

70/16} 7| 9| 15] 14] 14] 16| 23] 26] 15 
Maine 157 | 49 | 23 | 20] 29 | 20] 13 | 15 | 27| 354 27 
220 | 64 | 27 | 20] 30] 22 | 211 22] 30] 27] 32 

174 | 57 | 22 | 22 | 32| 29/25 | 24| 21] 31 

132 | 48 | 17] 18 | 28 | 23] 18| 18] 24] 25 

68 | 29] 11] 11] 16] 18) 15] 15/15] 13] 17 
| 194] 74| 23] 12] 15| 14] 14]15|16| 21] 24 
220 | 96| 25| 14] 15] 15116] 21] 19] 27 

206 |106 | 23 | 16] 20| 17 | 16] 16] 15] 28 

185 | 85 | 23115] 19] 17115) 14] 12] 18] 25 
1112/50/13} 9/11] 9] 9] 7/12) 9] 145 
91 | 21] 10! 17] 12) 12}17] 20] 23] 16 
74125110] 9|15| 14114] 15| 20] 16/1 16 

54] 26] 12 | 12117] 16] 17 

71} 29112] 12/17] 11] 16 

49123110] 9/11/10} 9110} 9] 7] 12 

168 | 46 | 17] 12 | 11 | 15] 12] 13] 18] 20+ 19 

124 | 35] 14] 14/17 | 18] 17 | 107) 21] 144] 19 

159 | 54] 13] 15] 20] 24] 13] 22] 25] 144 24 

180 | 65 | 14] 20| 20] 18] 94] 10+} 9%] 22 

1102 | 55 | 13 | 10 | 16 | 10 | 13 | 11 | 134 19+] 18 

694. 


TABLE 3—Concluded 


TUBERCULOSIS MORTALITY 


AGE-GROUP 


70 and over 


New Jersey 


New York 


Vermont 


Rhode Island 


1900-1904 


1905-1909|207 
1910-1914)167 
1915—1919]130 


1920-1924 


1900-1904 


1905-1909) 198 
1910-1914/175 
1915-1919} 152 


1920-1924 


1900-1904 


1905-1909)321 
1910—-1914/233 
1915—1919)210 


1920-1924 


1900-1904 


1905-1909) 142 
1910-1914) 127 


1915-1919 
1920-1924 


degree of hospitalization. 


Data on age-distribution were extracted directly from the censuses 
of 1900 and of 1920. From the same source data were obtained on the 2 
density of the population measured by the proportion of the population q 
living in cities. No measure of housing congestion is obtainable for so 3 
wide an area. Wealth was assumed to be indicated by taxation data x 
and by certain occupational statistics, the latter obtained from the cen- 
sus and the former from special government publications (2) (3). It is 


FACTORS INFLUENCING THE DEATH-RATE FROM TUBERCULOSIS 


In studying the factors influencing the death-rate from tuberculosis, 
those were selected which are usually assumed to be important and 
which are susceptible of statistical treatment. They are all essentially 
direct or indirect measures of the age-distribution of the population, the 
influence of general conditions, density of population, wealth, race and 


695 
SEE 
% 
22 183 | 51 | 15 | 10 | 13} 15 | 16] 15|17| 27) 21 
25 73|20| 14| 25] 23] 26 
26 69 | 23 | 17 | 22 | 21} 18]17|20| 17| 27 
23 56 | 19 | 14] 19 | 14] 15] 13] 13] 21 
14 | 31/10/ 8} 9/ 9} 8] 9} 10] 12 a 
20 | 77 | 21 | 12 | 14| 14| 15 | 15| 18} 19| 24 
21 251 14/14} 15|15|17]19| 22] 26 
26 92 | 27 | 16| 19| 18| 17| 16] 18] 28 
26 79 | 22|16|19| 16| 16] 14] 14] 24 
14 83 | 14/10) 12} 9} 9} 10] 14 
20 372 1115 | 31 | 17 | 18 | 14] 19 | 20] 23] 164] 35 
27 128 | 35 | 19 | 18] 18] 14} 17] 21] 35 
29 120 | 24 | 20 | 20] 18 | 16] 16} 27t| 31 | 
23 114 | 27 | 16| 20} 19| 12] 17]16] 12t} 30 | 
15 138 | 71 | 15 | 10 | 13 | 10] 10] 13} 19 
27 116 | 30 | 13 | 16 | 15 | 12] 12+]; 22} 28) 19 
32 45|19|18| 20| 14| 17 | 21] 17t} 28] 23 
31 52 | 124] 14| 25 | 23 | 23 | 21 | 21] 25 
25 89157] 9t 13] 15 | 15 | 14] 17 | 164] 117] 19 
17 105 | 25} 9+] 10] 14] 13 | 14 | 414] 224] 15 
24 
27 
28 
25 
15 
16 
16 
17 
| 
12 
19 | 
19 | 
24 | 
22 | 
18 
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TABLE 4 


Reduction in the average yearly death-rates from all causes shown by expressing each average 
yearly death-rate as a per cent of the corresponding rate in 1900-1904 


AGE-GROUP 


70 and over 


Registration States of |1900—-1904 

1900 1905—1909 
1910-1914 
1915-1919 
1920-1924 


Connecticut 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924, 


Massachusetts 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


New Hampshire 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


q 
| 
100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
106 | 90 | 90 | 93 | 87 | 95 | 95 | 96 1102 | 99] 96 
| 94] 77 | 80} 80] 78 | 88 | 96 |103 |128 | 102} 93 
| 88 | 72 | 81 | 95 |105 | 98 |100 | 104| 95 
| 67 | 49 | 67 | 71 | 64| 68 | 78 | 90 |101 | 100] 80 
100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
98 | 91 | 88 | 86 | 94| 99 | 98 | 98 |105 | 106 | 98 
91 | 84| 80] 83 | 91] 99 | 96 |107 | 105] 94 
| 84 | 78 | 81 | 97 |130 |121 |111 |106 |107 | 110 | 99 
155 | 50] 64| 54| 64] 69 | 77| 88] 99 | 107| 75 
| Indians 100 |100 |100 |100 |100 |100 |100 | 100 | 100 
96 | 86 | 84] 91 | 87 | 95} 931 92] 96] 96 
90 | 81 | 86] 78 | 80 | 93 | 96 |103 | 102 | 97 
| 89 | 76 | 90 | 94 | 90 |104 1100 |103 | 99 | 95 | 102 
78 | 59 | 76| 74| 66| 79 | 86| 94 |101 | 93] 93 
Maine 100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
103 | 90 | 95 | 88 | 87 | 92 | 97 | 99] 98| 97] 99 
92 | 82 | 841 79 | 80 | 91 | 99 |110 | 104} 99 
87 | 71 | 84] 88 | 98 |113 |102 | 98 |107 | 107 | 100 
83 | 58 | 64! 64] 61] 78 | 85 | 95 1105 | 106] 90 
100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
101 | 86 | 87 | 92 | 88 | 95 | 91 | 95 |103 | 98] 96 
89 | 751741 79| 85 | 93 | 98 1106] 99| 92 
83 | 73 | 82 | 94 {114 | 97 | 92 | 98 | 101 | 95 
591 45 | 641 58] 65 | 73 | 83195] 101] 76 
Michigan 100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
104 | 97 | 94] 95 | 89 | 97 | 98 |101 | 98 | 95 | 101 
96 | 89 | 96 | 81 | 84] 95 | 96 |107 | 97] 99 
92 | 86 |102 | 93 |102 1108 |103 |115 |105 | 103 | 102 
| 79 | 70 | 98 | 81 | 77 | 91 | 97 |104 | 100 | 92 
100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
121 | 91 | 96 | 95 | 92 |102 |101 | 95 |106 | 103 | 105 
111 | 76 | 80 | 78 | 85 | 92 |102 |106 |109 | 107 | 104 
198 | 74| 76-|101 |126 |124 1106 | 97 1109 | 108 | 107 
79 | 49 | 65 | 72 | 65 | 74 | 81 | 90 | 108} 91 


TABLE 4—Concluded 


TUBERCULOSIS MORTALITY 


AGE-GROUP 


70 and over 


New Jersey 


New York 


Vermont 


Rhode Island 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


61 


108 
108 
102 


102 
105 
104 
107 


The effect of differing age-distributions was determined by standard- 
izing death-rates. For the influence of other factors, Spearman’s method 


METHOD OF STUDY 


known that the incidence of tuberculosis varies with certain races, the 
death-rate being high among Negroes and Irish.and low among Jews, 
and, according to Dublin (4), among Italians also. Data on the pro- 
portion of Negroes, Irish and Italians in the population were obtained 
from the census, and those for Jews from material published in a Jewish 
yearbook (5). Hospital facilities in proportion to deaths from tuber- 
culosis, data for which were obtained from publications of the National ’ 
Tuberculosis Association, were assumed to be a fair measure of effective 

antituberculosis work. The numerical value of the factors used is 

shown in table 7. 
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age 

100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
oy 96 | 91 | 89 | 92 | 87 | 92 | 92 | 96 |101 | 98} 94 
0 85 | 76 | 76 | 78 | 77 | 86 | 93 |103 }106 | 104} 90 
6 79 | 73 | 77 | 98 |114 |103 | 97 |101 109} 94 
3 57 | 46 | 60 | 73 | 64] 63 | 76 | 90 |101 | 103} 75 
0 100 |100 |100 |100 |100 |100 |100 {100 | 100 |. 100 
116 | 91 | 90 | 95 | 85 | 92 | 96 | 96 {105 | 102 | 95 4 

100 | 74 | 76] 82 | 75 | 83 | 94 |102 {107 | 104} 90 4 
g 91 | 67 | 74 | 98 |100 | 89 | 93 | 96 | 106] 91 
4 68 | 44] 60| 75 | 61 | 60} 73 | 87 |101 | 76 
9 4 
5 100 |100 |100 |100 {100 {100 | 100 | 100 
87 | 80 | 83 | 86 | 84} 98 | 90 | 92 | 96) 91 

) 76 | 68 | 75 | 73 | 73 | 87 | 94] 95 |103 | 97] 86 
5 72 | 67 | 80 | 86 {108 |110 | 94} 88 |100 | 94); 91 4 
7 54 | 43 | 60 | 62 | 58 | 70| 79|95| 97) 73 
2 | 
3 100 |100 |100 |100 |100 |100 |100 |100 ; 100 | 100 
105 | 95 | 98 | 94 |101 | 92 | 97 {106 {106 102 i 

) 89 | 77 | 81 | 73 | 82 | 88 | 99 114 98 b 
) 84 | 70 | 86 | 94 {110 |113 | 99 106 100 f 
) 75 | 57 | 66| 68 | 67 | 81) 106 92 i 
) 
) 


TABLE 5 


Reduction in the average yearly death-rates from tuberculosis of the lungs shown by expressing each 
death-rate as a per cent of the corresponding rate in 1900-1904 


AGE-GROUP 


70 and over 


Resistration States of |1900—1904 

1900 1905-1909 
1910-1914 
1915-1919 
1920-1924 


es 


Connecticut 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Indiana 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Massachusetts 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Michigan 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


New Hampshire 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


* Based on less than 5 deaths. 


| 100 |100 |100 |100 |100 |100 |100 |100 {100 | 100 
85 | 91 | 92 | 90 | 86 | 95 | 93 | 93 | 88 92 
55 | 59| 71 | 71 | 80} 91| 93] 79] 67] 80 
46 | 47 | 62 | 721 73 | 72 | 84| 70] 58] 78 
29 | 31 | 39| 53 | 51] 45153] 59155] 45] 51 
| 100 |100 |100 |100 |100 |100 |100 |100 {100 | 100 | 100 
73 | 82 | 81| 92] 96| 83177] 82] 89 
| 42 | 56| 53 | 62| 76| 821 96| 79| 75] 78 
| 35 | 41 | 37 | 67 | 84| 80] 92] 87 | 72] 77 
17 | 31 | 26| 40] 60| 55| 58] 49| 59] 39] 54 
( 100 |100 100 |100 |100 |100 |100 |100 |100 | 100 | 100 
86 | 85 |100 | 93 | 85 | 84| 66 | 81] 86] 88] 88 
73 | 71| 83 | 65 | 75 | 73 | 841 76 
39 | 50 | 67 | 65 | 64 | 66| 65 | 71/70} 69! 68 
28 | 29 | 42 | 47 | 44] 43] 46| 48155] 48 
Maine 100 |100 |100 |100 |100 |100 |100 | 100 | 100 
98 | 81 | 71 | 89 | 82 | 89} 85 | 91] 86] 86 
57 | 44 | 62 | 70 | 78 | 79| 81| 79] 70] 72 
40 | 28 | 47| 52 | 64 | 741 76| 69| 66] 57] 64 
13*| 19*| 24*| 38 | 47 | 54} 53] 57/57] 44] 46 
100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
76| 79 | 81 | 83 1106] 87| 90] 85] 80] 85 
45 | 46 | 42 | 62 | 67 | 74| 83| 861 77| 72 
44 | 39 | 37] 61 | 74| 81 | 73 | 62] 47] 70 
28 | 25 | 26| 45 | 46/52] 56]52| 38| 47 
100 100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
74 |107 | 96 | 95 | 99 | 94| 941 89] 97 
62 | 79 1160 | 76 | 83 | 91 | 86| 90] 62] 86 
64 | 71 1140 | 80 | 87 | 90 | 89 | 99 | 83 | 68] 90 
38 | 50 |100 | 74 | 69 | 70| 76] 74| 62} SO} 71 
7 100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
81 | 81 | 70 | 81 | 86 | 96 101 | 81} 81] 75 | 86 
| 37 | 40*| 58 | 71 | 74| 96] 81| 49] 61] 71 
38 | 35 | 58 | 711 75191] 79158] 68 
15*| 21+ 25*| 43 | 47 | 53 | 58] 62 | 56] 42] 49 
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TABLE S—Concluded 


_ Was then used. The formula is p = 1 — ——————~ in which D is the 


1915-1919] 37 | 41 | 58 | 74] 73 | 71 | 88 | 84 | 62 
1920-1924) 19 | 25 | 33 | 58 | 49 | 42 | 54 | 59 | 48 


a 
: 
New Jersey 1900-1904/100 {100 {100 {100 |100 {100 | 100 | 100 
1905-1909} 76 | 97 |100 | 92 | 88 | 94 | 96 | 94 | 84) 90 
1910-1914) 45 | 56 | 67 | 74 | 72 | 83 | 92 | 96) 71 | 62 
53 
41 


1900-1904; 
1905-1909; 97 | 96 | 92 | 95 | 84 | 99/93 | 93 | 83) 94 
1910-1914 64 | 68 | 92 | 79 | 71 | 81) 95 |100 | 65] 8&3 
1915-1919) 54 | 57 | 67 | 82 | 68 | 84| 88 | 73 | 55] 77 
1920-1924 


New York 


1900-1904 
1905-1909} 77 | 86 |107 | 76 
1910-1914) 38 | 62 | 71 | 63 
1915-1919) 32 | 52 | 86 | 69 | 80 | 77 | 91 | 80| 66] 52] 76 
1920-1924 21*| 48 


1900-1904 100* 
1905—1909}113 | 87 |100*| 78 | 85 | 98 | 77 | 63] 89 
1910-1914) 28%) 37*| 33*| 44 | 70 | 70] 79 | 95 | 79| 69 
1915-1919) 45*| 51 | 66 | 67 | 64] 43] 65 
1920-1924 33*| 36 


of correlation by rank-differences, suitable for a small number of cases, 
62 D? 


N (N?—1) 
difference in rank of each state in the two series under study and N the 
total number of cases: p is then translated into 7, the coefficient of corre- 
lation obtained by the Pearson product-moment method, by means of 
tables furnished in many texts. The formula for probable error used ‘ 
for this method is given by Kelly in his Statistical Method, page 194, as 


in? 
P.E. = 0.7063 VN" When NV = 10, as in these correlations, a coeffi- 


cient of correlation of 0.51 is 3 times the probable error (0.51 + 17), 
and one of 0.60 is slightly more than 4 times (0.60 + 0.14). 
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TABLE 6 


Reduction in the average yearly death-rate from other forms of tuberculosis shown by expressing each 
death-rate as a per cent of the corresponding rate for 1900-1904 


AGE-GROUP 


70 and over 


SRESS 


Registration States |1900-1904 

of 1900 1905-1909 
1910-1914 
1915-1919 
1920-1924* 


ary 
& BSS | under 


Connecticut 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Massachusetts 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


Michigan 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


New Hampshire 1900-1904 
1905-1909 
1910-1914 
1915-1919 
1920-1924 


* Based on less than 5 deaths. 


Silelsisisis 
2 
100 |100 |100 |100 |100 |100 |100 | | 100 
120 |117 |117 |107 |114 |107 |112 |115 114 
129 |122 |133 |133 |136 |120 }112 |105 118 
110 |106 |125 |127 1114 |107 | 94 | 80 105 
63 | 67 | 75 | 80} 72 | 67 | 62 | 60 64 
100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
96 |115 |142 |109 |127 | 76 |115 |106 | 105 
85 |143 |183 |136 |164 |100 |119 | 68 | 130 
96 |153 142 |127 |182 |164 | 94] 92 | 94] 130 
45 | 77 1100 | 82 | 82 | 91 | 53 | 69 | 63| 53*) 70 
Indiana 100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
131 |130 |145 |144 |130 |140 |124 |131 | 100 | 135 
134 |141 |136 [145 |163 |147 |153 |133 |150 | 136 | 145 
79 |127 |145 |118 |133 1105 |108 | 95 | 115 
62 | 43 | 64] 82] 94] 82] 88] 67] 75 
Maine 100 |100 |100 |100 |100 |100 |100 |100 /100 | 100 | 100 
140 |131 |117 |100 |110 |161 |147 |111 | 77 | 118 
111 | 96 |110 |110 |145 |160 | 74] 60] 115 
84 | 98 | 74] 90 | 96 |115 |139 | 89} 37] 93 
43 | 59 | 48 | 55 | 55 | 90 |100 | 56| 37] 63 
: 100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
113 |130 |109 |117 |113 |107 |107 |107 |131 | 91 | 112 
106 |143 |100 |133 |133 |121 |114 |100 |100 | 71 | 117 
95 |115 |100 [125 |127 |121 |107 | 93 | 75 | 86] 104 
58 | 68 | 56| 75 | 73 | 64| 471 75| 43] 63 
100 |100 |100 |100 |100 |100 |100 |100 |100 | 100 | 100 
81 |119 /100 | 82 | 88 |117 |117 | 88 [100 | 70] 100 
59 |124 |120 |109 |100 |133 |108 | 94 | 90} 70] 106 
78 |138 |120 |109 |100 |100 |100 | 71 | 60} 100 
54 |109 1100 | 82 | 65 | 83 | 75| 591 45| 75 
100 |100 |100 |100 |100 |100 |100 | 100*/ 100 
74 | 76 | 82 |117 |154 |120 |142 | 77*/117 | 70*| 100 
95 |118 | 76 |125 |182 |160 |108 |169 | 126 
107 |142 | 59*/117 |182 |133 |150 | 69*| 45*/ 116 
3 61 |119 | 76 | 83 | 67 |108 | 85 | 95*) 95 
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TUBERCULOSIS MORTALITY 


TABLE 6—Concluded 


70 and over 


8 
8 


New Jersey 1900-1904 |100 |100 |100 |100 |100 100 |100 
1905-1909 |113 |143 |133 |140 |131 |113 |106 |147 | 85 | 124 


1910-1914 | 91 
1915-1919 | 71 |110 |127 |140 |146 | 93 | 94 | 87 | 77} 48) 100 


1920-1924 


_ 
Ww 
wm 
tS 
_ 
w 
tN 
v=) 


1900-1904 
1905-1909 |109 |112 |119 |117 |100 |107 |100 |113 |106 | 116 | 108 
1910-1914 | 96 |120 |129 |133 |136 |129 |113 |107 | 95 | 117 
1915-1919 | 84 |103 |105 |133 |136 |107 | 93 | 78 | 74 | 100 
1920-1924 | 46 | 56 | 67 | 83 | 86 | 64| 60] 53} 56] 53] 58 


New York 


1900-1904 
1905-1909 | 86 {113 |112 |100 |129 | 74 | 85 | 91 | 94*). 100 
1910-1914 | 63 |104 | 77 |117 |111 |129 | 84 | 80 | 65*| 169%) 89 
1915-1919 | 56 | 99 | 87 | 94 |111 |136 | 63 | 85 | 70} 75% 86 
1920-1924 | 37 | 62 | 48 | 59 | 72 | 72 | 53 | 65 | 52*| 37*| 54 


Rhode Island 


1900-1904 
1905-1909 |123 |150 |158 |138 |125 | 93 |142 |175 | 77*| 100 | 121 
1910-1914 {110 |174 |100*|108 |156 |154 |192 {175 | 95 | 61*) 132 
1915-1919 | 77 |190 | 75*|100 | 94 |100 |117 |142 | 73*| 39%) 100 
1920-1924 | 91 | 83 | 75*| 77 | 88 |87 {117 | 92*| 55*| 79%) 79 


AGE-DISTRIBUTION 


The adjustment for age-distribution has been based on the Standard 
Million population of England and Wales in 1901, except that it was 
necessary to secure, by graphic interpolation, the population under 1 and 
from 1~4, and to redistribute the age-groups above 20 to end on the 
zero year. The crude and adjusted death-rates for tuberculosis of the 
lungs and for other forms of tuberculosis are compared in table 8. 

Table 9 shows the differences in rank depending upon whether the 
states are arrayed according to crude or adjusted death-rates. In the 
case of tuberculosis of the lungs these changes are insignificant, and indi- 
cate that age-distribution is not an important factor in explaining differ- 
ences among the states. There are more differences in rank between the 
crude and the adjusted death-rates from other forms of tuberculosis. 
However, the fact that a change of three places in rank occurs once in 
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1915-1919 and twice in 1920-1924, but not in the earlier periods, sug- 
gests that some of the irregularity may be due to comparatively small 
numbers of deaths rather than to an actual change in rank due to a cor- 
rection for age-distribution. 


RELATION OF OTHER FACTORS TO THE DEATH-RATE FROM TUBERCULOSIS 


In order to obtain a general view of the influence of the other factors 
upon the death-rates, each was correlated with the adjusted death-rate 
from tuberculosis of the lungs at all ages for 1900-1904 and 1920-1924. 
The resulting coefficients of correlation are shown below. Figure 2 
shows the same correlations in graphic form. 


Correlation between the adjusted death-rate for all ages from tuberculosis of the lungs and the 


factors under study 
Coefficient of correlation 
General conditions 1900 1920 
Congestion 
Per cent of the population living in cities..... 0.74+0.10 0.85+0.06 
Wealth 
Per cent of illiterates in the population....... 0.54+0.16 0.76+0.09 
Per cent of the population paying income tax 
Average per capita tax 1923..............00. 0.52+0.16 
Per cent of children employed............... 0.7140.11 
Per cent of women employed................ 0.45+0.18 0.56+0.15 
Per cent of the population in manufactures... 0.46+0.18 0.45+0.18 
Per cent of the population in domestic and per- 
0.27+0.21 0.330.20 
Race 
Per cent of Negroes in the population........ 0.78+0.09 0.60+0.14 
Per cent of Italians in the population........ 0.72+0.11 0.62+0.14 
Per cent of Irish in the population........... 0.46+0.18 0.68+0.12 
Per cent of Jews in the population........... 0.6340.13 
Hospitalization 
Beds. per 100 deaths from tuberculosis of the 


* Crude death-rates from all forms of tuberculosis and from all other causes used in this 
case only. 


Table 10 shows the coefficient of correlation between the death-rates 
by age-groups for all causes, for tuberculosis of the lungs and for all 
forms of tuberculosis, and the indicated factors. For the purpose of 
showing trends all of the figures are given, whether or not they indicate 
significant correlations. Correlations were not calculated for ages 5 to 
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9 for tuberculosis of the lungs in 1920-1924 because of the small number 
of deaths. 

The relation between the death-rate from tuberculosis and that from 
all other causes indicates the extent to which general conditions contrib- 
ute to tuberculosis deaths. The death-rate from tuberculosis seems 
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definitely related to that from all other causes at the most important 
ages in 1900-1904 but not in 1920-1924. Evidently in 1920-1924 the 
factors conditioning the death-rate from all other causes do not to the 
same degree influence that from tuberculosis. 
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When the earlier and later periods are compared, the correlations 
between the death-rate from tuberculosis and the factors for concen- 
tration in cities and for comparative wealth show a lower correlation in 


TABLE 8 


Average yearly crude and adjusted death-rates per 100,000 population by five-year periods for each 
state and for the ten states combined 


DEATH-RATES PER 100,000 POPULATION 

1900-1904 | 1905-1909 | 1910-1914 , 1915-1919 | 1920-1924 

3 3 3 3 3 

$/2/3/3/8 3/3] 3 

Tuberculosis of the lungs 
153 }145.2)136 |128.4/119 |110.6)118 |113.2) 82 | 75.3 
164 |163.9}145 }136.6)125 4121.1/111 |106.6| 78 | 74.6 
145 |139.0)124 |119.5]105 | 99.2) 92 | 89.0) 67 | 65.9 
171 |161.3)146 |142.8)123 |113.7/119 |112.4) 81 | 76.1 
87 | 86.8] 84 | 82.3} 75 | 72.4) 78 | 75.0) 62 | 60.3 
141 |133.4)122 |116.6/100 | 92.9} 96 | 91.9) 69 | 64.5 
170 |165.1)158 |150.5]137 |129.5]/127 |120.1) 83 | 79.6 
177 |168.0)166 |153.7/147 |136.5)137 |125.8) 88 | 82.6 
184 |176.0)163 |154.3]139 }131.0)139 |132.8) 86 | 81.6 
124 |117.5]110 |106.7| 85 | 78.9) 80 | 76.6) 67 | 59.4 
Ten states combined............. 158 }153.1)146 |138.1)127 |118.9)123 |112.5] 81 | 76.5 
Other forms of tuberculosis 

20 | 21.3) 21-{ 23.1] 26 | 26.9) 26 | 26.7] 14.| 14.5 
20:8) 27 |. 27.2] 29 | 29.9) 25 | 23.9) 15°} 15.2 
24 | 25.6) 27 | 29.6) 28 | 30.8] 25 | 27.8) 15 | 16.3 
16 | 16.7} 16 | 15.9) 17 | 16.7] 16 | 16.1) 12 | 12.0 
New Hampehire...... 0... 0068005 19 | 20.9) 19 | 20.5) 24 | 25.3} 22 | 24.5) 18 | 18.8 
24 | 25.1) 26 | 27.7) 28 | 29.4) 24 | 26.3) 14 | 15.4 
35 | 37.8) 35 | 37.9) 31 | 34.2) 30 | 31.9) 19 | 20.2 
19 | 18:9} 23 | 24.3} 25 | 25.5] 19 | 19.7] 15 | 16.1 
Ten states combined ........... 22 | 23.5} 25 | 26.4) 26 | 27.9] 23 | 24.4) 14 | 14.9 


infancy and a somewhat higher one at the ages of highest death-rates. 
If these figures mean anything, they emphasize the general improvement 
in infant mortality and the continued high death-rate in young adult life. 
It can be shown that these positive correlations with the young-adult 
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years are not spurious ones due to the concentration of young adults in 
cities and in industry. The table below shows the percentage of the 
population at all ages and at 20 to 40 living in cities in 1920 and the 
crude death-rate from tuberculosis of the lungs at all ages. 


Percentages of the population living in cities in 1920 at all ages and between the ages of 20 and 44 


CRUDE DEATH- 
RATE FROM 
TUBERCULOSIS 
OF THE LUNGS, 
ALL AGES, 
1920-1924 


PERCENTAGES OF POPULATION LIVING 


All ages 


67.8 
50.6 
39.0 
94.8 
61.1 
63.1 
78.4 
82.7 
97.5 
31.2 


WOW 
CUBWACONO BD 


If the concentration of younger adults in cities were of importance, 


then those states with the largest proportion of the population between 
the ages of 20 and 45 in cities should show the highest death-rate from 
tuberculosis. Michigan, however, with the largest excess in cities shows 
the lowest crude death-rate from tuberculosis, and Rhode Island, with 
the smallest excess, a very high death-rate. 

The table below shows the percentage of women at different ages who 
were returned as gainfully employed at the census of 1920. In 1920 the 
proportion of employed women who were between the ages of 20 and 24 
was, in every state, about twice as high as that at all ages. From 25 to 
45, however, the percentage employed was about the same as that for 
all ages. The only period then in which an excess of employed women 
might raise the correlation unduly is from 20-29. Whether that corre- 
lation is due to the excess of women at work is not important because 
it is too low to be of significance in any case. 


Aces 20-40| 
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Per cent of women gainfully employed in 1920 


ALL AGES AGES 20-24 AGES 25-45 


27.1 54.2 26.9 
16.0 31.8 16.4 
43.6 24.3 
31.6 61.4 34.5 
18.1 37.4 18.1 
27.3 54.7 31.6 
New Jersey 23.9 47.2 22.4 
New York 26.9 52.4 27.3 


Rhode Island 32.7 61.0 33.8 
19.2 40.2 21.3 


The census does not furnish, by states, data on age-distribution of the 
population engaged in manufactures. However, for the United States 
as a whole in 1920 about one-third of the gainfully employed males and 
slightly over one-fifth of the gainfully employed females were in manu- 
factures. For males the percentage employed at each age varies little 
from the average for all ages over 10, except that under 16 and over 65 
the proportion is distinctly less and between 25 and 44 slightly more. 


The percentage of women for each age-group in manufactures is higher 
than the average under 20 and after 65, but near the average from 20 to 
64. Age-distribution then is not an important factor in raising the 
correlation between the proportion of the population in manufactures 
and the death-rate from tuberculosis. 

The percentage of the population paying the income tax varies from 
6.0 in Indiana to 11.4 in New York. The average total per-capita tax 
paid in 1923 ranged from a minimum of $15.30 in Indiana to a maximum 
of $45.45 in New York. Since the ranking for the states is about the 
same for these two factors, only the former has been used for correlation. 
The surprising thing about these correlations is that they are positive 
and high, indicating that the larger the proportion of the population rich 
enough to pay an income tax, the more tuberculosis in the community. 
An explanation is suggested by the correlation between the percentage 
of the population paying the tax and other factors. It is evident that 
increased wealth for one part of the population is associated with un- 
favorable economic conditions for another part. In these states wealth 
evidently is related to an increase in poorly paid employment. 
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Coefficient of correlation between the proportion of the population paying the income tax and other 
indicated factors 


Total per capital tax in 1923 
Proportion of illiterates 

Per cent in manufactures 
Per cent of women at work 
Per cent of children at work 


Correlation between the percentage of illiteracy in the population with indicated factors 
1920 


Per cent of the population in manufactures ; 0.84 
Per cent of women employed , 0.79 
Per cent of urbanization : 0.84 
Per cent of total foreign race stock 0.90 
Per cent of children employed 0.70 


It is a little difficult to understand how so small a part of the population 
can be so closely related to the death-rate unless, like the income tax, 
the percentage of illiterates stands for some other factor or factors. 
That there is a close relation to other factors is shown by the accom- 
panying table. 

The proportion of Irish in the population shows a somewhat higher 


correlation with the tuberculosis death-rate in 1920-1924 than in 1900- 
1904 although the age-groups concerned vary slightly. There is no 
doubt that the tuberculosis death-rate among the Irish is high. Dublin 
(4) has shown it for New York State and for Pennsylvania, and the 
Census Bureau (6) has shown it also for Boston. The correlations indi- 
cate that for these states the death-rate from tuberculosis in childhood 
and at the peak death-rate in adult life is related to the proportion of 
Irish in the population, especially in 1920-1924. It would be interesting 
to know whether the higher correlations in 1920-1924 mean that, as 
other factors become less operative because of bettered conditions of 
living and of employment, racial influences exert a proportionately 
greater influence. 

Although the percentage of Negroes in the population is small, cal- 
culations were made because of their well-known high death-rate from 
tuberculosis, but little significance can be attached to these figures 
because of the small number of Negroes in the states under study. 

The high correlation between the death-rate from tuberculosis and the 
percentage of Italians in the population is surprising. Dublin has re- 
ported a low death-rate among Italians and a negative correlation was 
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expected. Very few data are available on Italian death-rates from 
tuberculosis. Dublin’s data are given by sex for Pennsylvania and 
New York State in 1910. In both states the death-rate among Italian 
males is shown to be lower than among males of United States stock. 
However, Italian females had a conspicuously higher death-rate at some 
age-groups. The census volume of Mortality Rates for 1910-1920 re- 
ported the death-rate from tuberculosis of the lungs by birthplace of 
mothers for Pennsylvania and New York State. For both sexes com- 
bined the Italian death-rate was equal to that among persons whose 
mothers were born in the United States for Pennsylvania and consider- 
ably higher in New York State. Apparently the death-rates among 
Italians is not always distinctly different from that of United States 
stock. If that is true, then even the large proportion of Italians found 
in some of these states could not be expected to influence the correlation 
to any degree. More data on possible differences in racial death-rates 
from tuberculosis are needed, especially in the case of Italians. In this 
instance a large proportion of Italians may mean a poorer community. 
The percentage of Jews in the population in these states is so low that 
no correlations were calculated. Of the races which it was hoped would 


show some relation to the tuberculosis death-rate only the Irish can be 
considered to have shown a significant correlation. Negroes and Jews 
form too small a fraction of the population, and the Italian death-rate is 
evidently not known with sufficient exactness. 


RELATION OF THE FACTORS STUDIED TO DECREASES IN THE DEATH-RATES 


The influence of changes in age-distribution on decreases in the death- 
rates need not be considered here because adjusted and specific death- 
rates eliminate this factor. The percentage reduction in the death- 
rates is given in tables 4 to 6. The correlations between decreases in 
death-rates and all factors except age-distribution are shown in table 11. 
A preliminary study suggested a relation between the earlier death- 
rates and the decrease accomplished, and correlations were therefore 
calculated between corresponding reduction and death-rates. On the 
whole the decreases in the death-rate show a distinct levelling process. 
At almost every age-period those states having the highest death-rates 
in 1900-1904 show the greatest reductions, although this tendency is 
by no means so marked in the case of tuberculosis. While the decrease 
in the death-rate from all causes seems related to certain of the factors 
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showing the degree of well-being in these states, no such relation is 
apparent with the decrease in the death-rate from tuberculosis. 

At a recent meeting of the National Tuberculosis Association in 
Washington, D. C., Drolet (7) reported some very interesting figures, 
showing a relation between the death-rates from tuberculosis and tuber- 
culosis hospitalization in several countries. An attempt was made in 
this study to show a similar relation between increased hospitalization 
and decreased death-rate from tuberculosis in these states. Institutions 
exclusively for children do not contribute in any important way to the 
segregation of individuals dangerous to the community. Day-camps 
help not at all in this phase of the problem. Federal and fraternal in- 
stitutions cannot properly be counted as adding to the resources of a 
given district since patients are drawn from a larger area. Beds in such 
institutions have therefore been disregarded. The number of beds for 
tuberculosis, (exclusive of children’s institutions, federal and fraternal 
hospitals and day-camps), as given in the Tuberculosis Directories (8) 
published in 1904 and 1923, is shown below and in figure 3. 


Beds per 100 deaths from tuberculosis and the percentage reduction in the adjusted death-rate at all 
ages for all forms of tuberculosis 1900-1904 to 1920-1924 


BEDS PER 100 DEATHS FROM REDUCTION IN 
TUBERCULOSIS DEATH-RATE 

FROM 

1904 1923 


per cent 


61.9 


New Hampshire 
New Jersey 
New York 


If an important causal relation exists between the number of beds for 
tuberculosis and the death-rate from that disease, then the reduction 
should be related to increased care, but, with the exception of Michigan, 
the reduction varies little in spite of great differences in the facilities 
available for care of tuberculosis patients. There is no indication that 
those states with the most extensive accomodations for tuberculosis pa- 


| 


TUBERCULOSIS MORTALITY 715 


tients and hence, presumably with the largest interest in antituber- 
culosis work, have made a conspicuously greater reduction than those 
in which antituberculosis work has been relatively neglected. The 
explanation may lie in the fact that antituberculosis work on a large 
scale is very new. In a recent editorial Krause writes, ‘“Almost seven 
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Fic. 3. NuMBER OF BEDS FOR TUBERCULOSIS (EXCLUSIVE OF CHILDREN’S INSTITUTIONS) 
PER 100 Deatus FoR ALL Forms OF TUBERCULOSIS 


hundred institutions for the treatment of tuberculosis—sanatoria—dot 
the country where scarce a score raised their roofs in the year of the 
National Association’s birth. . . . . And what is their influence on 
tuberculosis? Their ‘turn-over’ approaches 150,000 patients a year.” 
Large as that number is it constitutes only about a tenth of one per cent 
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of the population, and at the same time it represents a very recent achieve- 
ment. Whatever may be shown in another twenty-five years, it is not 
surprising that a high correlation cannot at present be proved between 
the reduction in tuberculosis and efforts directly aimed at its eradication. 


TABLE 11 
Correlations between decreases in death-rates between 1900-1904 and 1920-1924 and 
indicated factors 
All causes 
Under1 | 0.71 0.75} 0.61) 0.80) 0.60} 0.60) 0.89) 0.79 
1-4 0.90 0.86} 0.75} 0.78) 0.85) 0.58) 0.60) 0.88 
5-9 0.93 0.741 0.67} 0.82} 0.67) 0.47) 0.50) 0.74 
10-19 0.36 0.26} 0.17} 0.41) 0.64) 0.51) 0.42) 0.66 
20-29 0.67 0.71; 0.64) 0.69) 0.74) 0.48) 0.49) 0.73 
30-39 0.99 0.82} 0.70} 0.77) 0.67} 0.46} 0.55) 0.78 
40-49 0.66 0.42) 0.41) 0.444 0.54 0.15) 0.46) 0.69 
50-59 0.90 0.06) 0.76} 0.79} 0.87} 0.71) 0.78) 0.90 
60-69 0.67 0.78} 0.70) . 0.64, 0.50) 0.58) 0.94 0.68 
70 and | 0.59 0.36} 0.28) 0.01; —0.16} —0.10} 0.48) 0.05 
over 
All forms of tuberculosis 
Underi| 0.61 0.25, 0.36 0.31) 0.73) 0.49} 0.56) 0.17) 0.50) 0.32 
1-4 0.19 0.35} 0.29) 0.01; 0.02) —0.06) —0.26) 0.45) 0.15) 0.00 
5-9 0.81 0.13} 0.20) —0.08} 0.19} 0.56). 0.32} 0.16) 0.28} 0.02 
10-19 0.60 0.60} —0.41) —0.36} —0.12} 0.20) —0.04;—0.32) 0.08)—0.39 
20-29 0.93 0.06) 0.07) —0.26) —0.08} 0.01) —0.15) 0.15)—0.08} 0.21 
30-39 0.55 0.444 0.14) 0.00) 0.06} 0.08) —0.30) 0.17) 0.20)/-0.46 
40-49 0.88 0.12} 0.46) 0.17; 0.18} 0.08) —0.01; 0.52) 0.21; 0.14 
50-59 0.76 0.58) 0.65) 0.44 0.56 0.46) 0.52) 0.82) 0.53) 0.36 
60-69 0.53 | —0.29} 0.51) 0.26} 0.30) 0.33) 0.15} 0.20) 0.35) 0.43 
70 and | 0.19 0.14, 0.05; 0.19) 0.21) 0.22} —0.06) 0.10) 0.51)—0.24 
over 


Note: Coefficients below 0.51 are less than 3 times the probable error. 


SUMMARY 


Age-distribution of the population does not explain the differences 
in the death-rate from tuberculosis in the original registration states. 
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In 1900-1904 the death-rate from tuberculosis followed closely that 
from all other causes, but in 1920-1924 the death-rate from tuberculosis 
at the most important ages seemed independent of the death-rate from 
all other causes. 

The change in the correlation between the percentage of urbanization 
and the death-rate from all causes has been striking under age 1. For 
tuberculosis of the lungs, urbanization had become more important in 
1920-1924 between the ages of 10 and 30. 

The relation to factors indicating well-being shows little change under 
age 1 and a definite tendency towatd a higher correlation at the peak 
death-rate in 1920-1924. 

The proportion of Irish in the population is related to the death-rate 
from tuberculosis in childhood and at ages 20-50, the correlations being 
generally higher in 1920-1924 than in 1900-1904. 

The reduction in the death-rate for all causes and for tuberculosis 
has been greatest where the death-rate in 1900-1904 was highest, but 
more markedly so for all causes than for tuberculosis. 

The decrease in the death-rate from tuberculosis has been comparable 
with that from all other causes only at the comparatively unimportant 
ages of 10-19 and 50-59. 

The decrease in the death-rate from all causes shows a general relation 
to the degree of urbanization, but the decrease in tuberculosis shows a 
significant correlation only in childhood. 

Factors indicating well-being, with the exception of the proportion 
of the population in manufactures, show a fair correlation with decreases 
in the death-rate from all causes, but only a sporadic and general low 
correlation with decreases in tuberculosis. 

The decrease in the tuberculosis death-rate is not related to the per- 
centage of Irish in the population. 

The decrease in tuberculosis has not been shown to have a causal 
relation to increased care for tuberculosis as measured by increased 
hospital facilities. 


CONCLUSIONS 


This study was undertaken in the hope that a definite causal relation 
could be proved between the tuberculosis death-rate and some of the 
factors generally assumed to influence it. The factors selected were 
limited to those which could be treated statistically. Four of them 
especially, the degree of urbanization, the percentage of illiterates in 
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the population, the number of women at work and the proportion of 
Irish stock, seemed to be fruitful lines for investigation. It was ex- 
pected, therefore, that the degree of urbanization would bear some rela- 
tion to changes in the tuberculosis death-rate, but such a relation could 
not be proved. The study of other factors gave similar results. In 
other words, while it has been possible to show some interesting corre- 
lations between certain factors and the actual death-rate, no important 
influence upon the decrease has been shown. 

How far this is due to the limitations of the method, it is impossible 
to say. Since city data were not suitable and since 25 years was con- 
sidered a minimum period for study, the investigation had to be restricted 
to the ten original registration states. With so few cases only the sim- 
plest statistical treatment was possible. The method of correlation 
by rank differences had to be used. No partial correlations could be 
calculated. Deaths from tuberculosis were available by age-groups, 
but adjusted death-rates show that the age-distribution of the popu- 
lation did not greatly affect the death-rate and was not responsible 
for differences among the states. With the absence of classification of 
deaths by sex, race, occupation or residence, no other direct corrections 
were possible. Correlations were made with the death-rates for the 
state as a whole, in the hope that one or more factors would stand out as 
important influences. As already noted, this has been more fully ac- 
complished in the case of the death-rate itself than with decreases. 

There are probably three reasons why little causal relation has been 
proved; namely, the many factors involved, the nature of the data avail- 
able, and the complex character of the state as a unit of study. The 
large populations and the undifferentiated mortality statistics used have 
undoubtedly obscured some differences. Data derived from a study of 
death certificates,—if that had been possible for so large an area,— 
might have made closer correlations possible. 

From this general study certain things are clear: 

First, the peak death-rate in adult life is not, for the area as a whole 
nor for most of the states, moving toward the older ages. During the 
25 years under study, it remains in the 20- to 29-year group. | 

Second, although there is a relation in-1900-1924 between the death- 
rate from tuberculosis and that from all other causes, there is none in 
1900-1904, and there is no relation between the decreases in the two 
death-rates during the years under study. Presumably the factors 
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1ich now influence the tuberculosis death-rate are not those which 
‘ect the death-rate from other causes. 

Third, the states with the highest death-rates at the beginning of the 
riod have made the greatest decreases, so that the range in the tuber- 
ilosis death-rate at the end of the period is much less than at the 
‘ginning. 
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CAilliam LeRoy Dunn 
1871-1928 


The death of William LeRoy Dunn has meant an irreparable loss to 
all fortunate enough to bless the day when time and circumstance took 
them within the circle of his interests and friendships. 

For his was a rare character. Rooted at unusual depth, it was not 
altogether in joint with the strainings and strivings of a nervous and 
noisy age. It sought the shade, there to put on fulness and strength. — It 
stood somewhat alone, yet beckoning; and no wayfarer ever came within 
its intimate embrace without refreshment of heart and spirit. 

If we turn to Who’s Who we are allowed a view of one prominent facet 


of the man’s nature. Here we find a scant six lines to tell us that he was . 


born, went to school, settled in Asheville, practises internal medicine, 
belongs to his State, his national, and a third medical society, and has a 
home and office in Asheville. In this account of a man whose achieve- 
ments earned him a place on the honor roll of the nation’s citizens there 
is nothing to suggest the thinker whose inborn tastes early took him into 
physiological researches and the scientific study of tuberculosis, no inkling 
that his talents in practice were later to bring him perhaps the largest 
following of pulmonary patients that any of our physicians has ever 
enjoyed, no mention of numerous high positions of trust that sought the 
services of a well-recognized judgment, integrity, and common-sense. 
This self-effacement was so much a part of the man that one hesitates 
to present him publicly, lest, in so doing, one insult hismemory. He was 
modest to a fault. Close friends could foregather with him for years, 
and yet not glean from him that he had done notable work in Italy and 
Dalmatia during the war. Nor would they learn that the rehabilitation 
of the disabled ex-service man has since then owed much to him. To the 
counsels of the National Tuberculosis Association, as Director and 
Executive Committeeman, he brought the same sound and rugged sense 
that marked him out as an invaluable member of every advisory and 
deliberative group. But it was the day’s work, unremitting and inces- 
sant labor in his profession at home, that consumed his days and nights, 


every minute of them. 
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Few men have toiled more steadfastly in medical practice than Dunn. 
None could have given their patients more of themselves, body and soul 
than he. When he began the work he was one of the very few men in 
tuberculosis who had not been touched by the disease. He had all the 
stamina that we traditionally associate with a slight and sturdy frame 
This he threw into his work without stint. For years his hours of atten 
tion to his cases were limited only by Nature’s demands for sleep anc 
meals. He had entered practice vza the laboratory. Here he had formec 
habits that stayed with him, however exacting became the demands of ai 
enormous clientele. ‘Working up” his cases, he never ceased to learn 
medicine at first hand. Thus matured a judgment which all colleague: 
respected and admired, and to which most of them deferred. Menta’ 
prejudice anchored him as little to the past and-the pet idea as high 
clamor for the passing fancy could drag him from a reasoned opinion. 
But while sobriety, solidity and sanity may build a beacon of professiona! 
light, it takes something besides to fashion the doctor. This Dunn 
possessed. His retiring, even wistful, mien cloaked a human sympathy 
that unfolded itself to the misery that bares itself to the ministrations of 
the physician. However mute it might lie buried in the presence of 
self-sufficiency, a rich and refined compassion welled up whenever dis- 
tress showed her pitiful face to him. 

It is this human and humane side of Dunn that to his friends will 
remain vivid as long as life lasts. It was perhaps because he did not 
wear his heart on his sleeve that he gave those he trusted so much of it. 
There is not one of them but feels that close communion with Dunn made 
him a better man, but is conscious that he gained in purpose and in values 
by having been on intimate terms with a deep and generous personality. 
For them his passing means a void that will remain. 

When the word came late in the winter that a mortal malady had ap- 
peared his friends could scarce credit it. They had never known him as 
ill, and only two or three months before they had seen him at the peak of 
vigor and fitness. He came to Washington to submit to radical efforts to 
stem the disease. A place was made for him at the Veterans Bureau 
Hospital at Mount Alto on the outskirts of the city. Here, on a porch, 
overlooking the broad sweep of the curving valley of the Potomac, he 
sat out the days, as Nature worked anew her age-long miracle of annua! 
revivification. May came; and with it the triennial Congress of Phy- 
sicians and Surgeons. Old friends, arrived for the meetings, made the 
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ainful pilgrimage to have what they felt must be their last meeting 
vith Dunn. But, sorrowing, they were repaid. They found a much- 
educed familiar figure, a sadly changed shell of a man, but one who 
adiated an ineffable expression of sweetness and strength. 

The American Climatological and Clinical Association, then in session, 
nade Dunn its President. The tribute pleased him beyond measure; 
ind he devoted much of his last weeks to planning the programme for 
he next annual meeting. Inexorably disease wore him down. Yet it 
pared him many of its terrors and, after less than a day of terminal 


agony, wrote the end on May 24, 1928. 
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John Archibald Smith 
1877-1928 


John Smith was an unusual personality, who combined a marked sens: 
of humor with deep human sympathy. Born in Peekskill, New Yorl 
and taking his early education there, he was graduated from the Peekski! 
Military Academy with high honors. He came to medical school jus 
eighteen years of age, very tall, and very lean and very shy. On accoun 
of his youth and his lack of collegiate experience, he was compelled t: 
work much harder than the more-favored college graduates. Neverthe- 
less he did well in his classes, and after an interneship at the Hudso: 
Street Hospital, where he served under the direction of Dr. Ellsworth 
Eliot and Dr. Lewis A. Conner, now a member of the Executive Com 
mittee of the American Heart Association, he undertook the practice of 
medicine at Peekskill. 

Had it not been for that disease, to which he was to give so many 
years of his life in fighting, he probably would have lived and died a 
practising physician. After a very much delayed diagnosis he went to 
Saranac Lake in 1905, with only an unfortunate outlook ahead of him. 
Partly restored to health and strength, he interested himself in the milk- 
supply of Saranac Lake, and he was most successful in his efforts to 
improve the local milk-supply. This work in the Health Department of 
Saranac Lake was recognized by his being invited by the Health Com- 
missioner of the State, Dr. Herrmann M. Biggs, to take part in the ex- 
amination for the position of Sanitary Supervisor. Among some fifty 
candidates, many of whom were health officers of long experince, he was 
among the first three, and he was assigned the work of Supervisor of 
Sanitary Affairs of Essex, Franklin, Clinton, St. Lawrence and Hamilton 
Counties. He filled this position with remarkable success for a period o1 
five years, when he became Secretary of the State Board of Health. 

During the summer of 1916, toward the end of the frightful epidemic 
of poliomyelitis, Smith was called to Albany by the Health Commissioner 
to aid in the organizing of preventive and treatment clinics for the wrecks 
of humanity left behind by the epidemic. No one could have been more 
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-iccessful or more untiring in his efforts to make sure of every detail. 
ew realized why those temporary clinics, held hundreds of miles apart, 
nso smoothly. It was a remarkably successful piece of work. 

Again in 1918, while acting as Secretary of the Department, he was 
.alled upon to aid in handling the epidemic of influenza. During that 
;eriod he worked with superhuman energy, with the not unexpected 
‘sult,—a relapse of his old disease. This necessitated his retirement 
om the Health Department, but when he was again restored to useful- 


John Archibald Smith 


ness in 1920 he became the Medical Officer of the United States Veterans 
‘ureau at Saranac Lake. In this difficult office he maintained a strict 
ciscipline, notwithstanding which he was admired, respected and beloved 
y the ex-soldiers. 

In 1925 he came to the National Tuberculosis Association, and made 
is presence felt not only on the staff of the Association but also among 
1e members of the staff of the affiliated associations with whom he came 
1 contact. In addition to this service to the Tuberculosis Association 
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he was the first Medical Secretary of the American Heart Association. 
Furthering the policies of the National Tuberculosis Association and 
establishing sound bases for future work of the American Heart Associa- 
tion, his services will be sadly missed and his departing leaves a gap which 
cannot be refilled. Perhaps he erred at times on account of his acute 
sympathy, but in no sense did it warp his judgment. No one who knew 
him could fail to admire, respect and love him. He was critical and sound 
in his judgments, careful in his conversation, and modest in his demeanor. 
Overconscientious in his work, rebelling daily against his physical short- 
comings, fighting for health, struggling to improve the lot of mankind 
wherever he saw it, publicly or privately, his death is a severe blow to 


his family, his friends and his associates. 
L. R. W. 
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OBSERVATIONS ON SOME CARDIAC LESIONS COIN- 
CIDENT WITH PULMONARY TUBERCULOSIS!:? 


I. D. BRONFIN anp SALING SIMON 


While the mortality from tuberculosis in the United States has de- 
creased 50 per cent during the last two decades, the mortality from heart 
disease has increased 31 per cent in approximately the same period. 
There are as yet no available reliable statistics on the morbidity inci- 
dence of cardiac disease, but a large number of school-records disclose 
that 2 per cent of children examined reveal cardiac affections. If, as 
Howk (1) states, it is estimated conservatively that only 1 per cent of 
the 30,000,000 school children in this country are suffering from im- 
paired cardiac function, one can readily realize the enormity of the 
problem confronting 300,000 children, who are embarking upon life 
with serious handicaps which may persist throughout their lives. From 


the draft examinations of the World War and the rejection records of 
the Metropolitan Life Insurance Company, it is safe to conclude that 
close to 1,500,000 adults in the United States are affected by heart 
disease. 


In the light of these figures, it is surprising to note the singular paucity 
in medical literature regarding the incidence and clinical course of 
organic heart disease in pulmonary tuberculosis. The prevailing belief, 
fostered by the older writers, notably Rokitansky (2), that any cardio- 
vascular disease which tends to produce passive congestion of the lung 
is a preventive of tuberculosis, is no longer tenable in the face of con- 
temporary experience. It is true that such a careful observer as 
Lawrason Brown (3) was of the opinion that the percentage of patients 
with valvular heart disease who present signs of pulmonary tuberculosis 
is smaller than that found in the general population, but in his more 
recent writings (4) he does not stress this point. On the contrary, he 
makes a sweeping generalization that any valvular lesion may be asso- 


1 From the National Jewish Hospital, Denver, Colorado, and the University of Colorado 
School of Medicine, Denver. 

* Presented at the twenty-fourth annual meeting of the National Tuberculosis Association, 
P vtland, Oregon, June 21, 1928. 
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ciated with pulmonary tuberculosis, and that, when the two diseases 
occur in the same person, each runs its own course, uninfluenced by the 
associated condition, except for the relatively rare lesion of stenosis of 
the pulmonary orifice. Babcock (5), on the other hand, believes that 
anything which, like valvular disease, interferes with normal nutrition 
must lessen resistance to tuberculosis, and that when a combination of 
the two does occur the prognosis is more grave, since they cannot fail 
to react injuriously on each other. 

As to the actual incidence of valvular disease in pulmonary tubercu- 
losis, there is wide variation among the published reports. Anders (6) 
records 1.2 per cent in a series of 10,678 cases which came to autopsy, 
while the Phipps Institute (7), in reporting 10.3 per cent of organic 
heart disease in 143 cases, concludes that the tendency of clinical records 
is to underestimate the frequency of coincident valvular affections in 
tuberculosis. Burns (8), disregarding adventitious heart-sounds of 
questionable aetiology, found unmistaken valvular heart disease in over 
17.5 per cent among 1300 case records. The same author personally 
examined 183 patients, and found cardiac lesions in 15.3 per cent of the 
males and 16.47 per cent in the females. No detail, however, is given 
on the clinical course of these two coincident affections. Bennett (9) 
claims to have found in a group of 75 moderately advanced cases of 
pulmonary tuberculosis 53 with mitral insufficiency and 9 with mitral 
stenosis, but he fails to state whether these patients had any symptoms 
or signs of disordered heart action. 

It is difficult to account for the discrepancy in these figures, unless it 
be assumed that the findings depend upon the diagnostic acumen of the 
examiner. It must be admitted that not a few sanatorium physicians 
make a detailed record of the pulmonary findings, but pay relatively 
little attention to the heart. Our impression, from an examination of 
over 2100 tuberculous subjects during the past 7 years, is that the 
incidence of valvular affections, chiefly mitral insufficiency and stenosis 
with varying degrees of cardiac symptoms, does not exceed 6 per cent. 
Such cases present definite therapeutic problems deserving of careful 
consideration. 

There is no doubt that even current conceptions on this subject wiil 
undergo modifications in the near future. Improved diagnostic methods, 
coupled with a greater interest in the coincidence of these two diseases, 
will disclose that cardiac affections in tuberculosis are not as rare as wes 
generally supposed. Closer observation will also reveal that one disease 
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has a modifying influence on the other. For, a priori, from what we 
know of the hypertrophic, atrophic and other degenerative changes in 
te myocardium as a result of the alteration in the circulatory mechanism 
©’ the tuberculous lung and the pernicious effects of the associated 
toxaemia, it should be expected to note a relatively rapid cardiac 
decompensation when pulmonary tuberculosis complicates valvular 
affections of the heart. This should be the logical sequence since, 
according to Brown (3), valvular heart lesions nearly always precede 
the development of tuberculosis, and any condition which impairs 
nutrition tends to lessen resistance. While the fact that organs have 
great power of adaptability and can tolerate considerable insult is not 
overlooked, clinicians nevertheless hesitate to institute radical measures 
for the pulmonary lesion, such as artificial pneumothorax or thoraco- 
plasty, when the heart shows evidence of a chronic endocarditis, even 
when there is no suspicion of threatened decompensation. The con- 
servatism is probably justifiable, since clinical experience has not yet 
accumulated sufficient data to serve as a reliable guide. It is, therefore, 
deemed justifiable to present in detail the following few case-reports 
encountered in sanatorium practice. 


Case 1: I. C. (no. 5926), female, 26, single, occupation clerk, admitted in 
January, 1926. 
Family History: Father died of slowly progressive pulmonary tuberculosis 
at age 38. Previous History: Measles at 3, scarlet fever and diphtheria at 6 
with uneventful recoveries. Tonsillectomy (probably tonsillotomy) at the 
age of 2, but examination shows fairly large “cryptic” tonsils. Frequent 
attacks of tonsillitis from early childhood on, until the age of 15. Rheumatism 
denied. Although frequently examined by private and school physicians, no 
one had ever told patient that she had heart disease, nor did she have symp- 
toms referable to that organ. 
Present Illness: Insidious onset in 1918, culminating in bloody expectora- 
tion 3 months later. Six months after entering a state sanatorium, contracted 
influenza, and shortly afterward, while recovering from several small haemop- 
tyses, her physician told her that he was not certain whether the bleeding was 
due to tuberculosis or to a new complication which he designated as a “leaky 
it.” In 1921, after 3 years of continuous sanatorium residence without 
ny noticeable improvement, she came to Denver and entered a local institu- 
ion, where she came under the observation of one of us. Physical examina- 
ion disclosed far-advanced, chronic, moderately active pulmonary tubercu- 

is, involving the greater portion of the left lung with apical cavitation, and 
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the right upper lobe. The heart findings showed the apex beat to be 2 cr. 
outside the midclavicular line, palpable diastolic thrill, and mitral systoli 
murmur transmitted to the axilla. Pulse-rate was between 80 and 90 whe 
in bed and 100 to 110 when up and about. Blood-pressure 130/100. Occ: 
sional febrile reactions, not exceeding 100°F., and lasting only 2 to 3 day 
characterized the clinical course. Dyspnoea on slight exertion and fatigi 
even during the long intervening afebrile periods were marked, and entire! 
out of proportion to the pulmonary involvement. Artificial pneumothora: 
was considered, but owing to the mitral lesion the procedure was w thhel:. 
After 30 months of hospitalization, she was considered well enough to resum: 
work. This she did without any apparent ill effects, working 8 hours daily 
for 8 months, when she began to cough up frequently small quantities of 
bright red blood. No fever. Coincident with the appearance of the haemor- 
rhagic symptoms, she began to complain of palpitation and pain over the 
precordium. After a rest-period of 3 months without any relief from either 
the respiratory or cardiac symptoms, she entered the National Jewish Hospital. 

The physical findings at this time were essentially the same as recorded 
above, and, in addition, there was a distinct diastolic murmur at the apex. 
The liver edge was palpable about 3 cm. below the free costal margin. Under 
complete immobilization and digitalis, improvement rapidly set in. Bed-rest, 
however, was continued for 6 months. 

In January, 1927, after having been for several months on moderate exercise, 
hemorrhagic symptoms again became manifest. One haemorrhage was very 
copious. Artificial pneumothorax was instituted on the left side as an 
emergency procedure. A fairly satisfactory collapse was finally obtained, but 
the apical cavity could not be compressed on account of adhesions. On May 
14, 1927, she had another brisk haemoptysis. The right apex was under 
suspicion, but the roentgen plates failed to disclose the source of the bleed- 
ing. The latter persisted for a week. Under large doses of digitalis cardiac 
action improved and the bleeding finally ceased. She continued, however, 
to pursue an unfavorable course, manifesting symptoms and signs character- 
istic of right heart failure. 

The teleoroentgenograph (figure 1) shows the heart to be slightly enlarged, 
and the areas corresponding to the pulmonary artery and left auricle are un- 
duly prominent. The electrocardiogram (figure 2) shows, besides tachycardia, 
auricular disease, probably hypertrophy, as indicated by the flatness of the P 
wave and the prolongation of the P-R interval. The double lesion of mitral 
regurgitation and stenosis, which is undoubtedly present in this case, explains 
the absence of a right ventricular predominance (right axis deviation). 

Clinically, this case permits of the following speculation: Did the valvul:r 
lesion precede the onset of the tuberculosis? It is quite likely that t ¢ 
repeated attacks of tonsillitis caused the endocarditis, which, for a tim:, 


Fic. 1. Teleoroentgenograph of case 1, showing enlarged heart and prominence of pul- 
monary artery and left auricle. 


Lead No. 2—Between Right Arm and Left Leg 


Lead No. 3—Between Left Arm and Left Leg 


Fic. 2. Electrocardiogram of case 1, showing flat P wave and prolongation of P-R interval. 
C! 1ical evidence of cardiac decompensation when this tracing was made. 
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was not recognized. It is also possible that the severe attack of influenza, 6 
months after the onset of tuberculosis, left in its wake a damaged mitral valve. 
To what extent was the cardiac lesion responsible for the repeated haemopty 
ses? In mitral stenosis bloody expectoration is not uncommon, even in th« 
absence of obvious signs of decompensation. The fact that the bleeding wa: 
rarely preceded or accompanied by cough would favor the valvular lesion a 
an aetiological factor. Has the pneumothorax proved efficacious in stoppin; 
the bleeding? Probably not, since its source, if purely pulmonary, was from 
the left apical cavity which was uninfluenced by the pneumothorax, but the 
compressed lung has probably been a source of continuous embarrassment to 
the already overburdened heart, and possibly hastened decompensation. 


Case 2: J. S. (no. 5617), female, 25, occupation clerk, admitted July 19, 1924. 

Family History: Mother died of heart disease at 45. Previous History: 
Measles in early childhood. Appendicectomy in 1914 under ether anaesthesia, 
followed by uneventful recovery. Right-sided pleurisy with effusion in 1918. 
Fluid was aspirated once, and in 2 weeks patient seemed fully recovered. 
There is no history of chorea, rheumatism or tonsillitis. 

Present Illness: Insidious onset in the fall of 1923, with digestive dis- 
turbances, languor, cough and expectoration. Patient pursued her occupa- 
tion until June, 1924, when, on account of several brisk haemoptyses, she 
sought entrance to the hospital. Physical findings pointed to extensive 
pulmonary tuberculosis, involving the greater portion of the left lung and 
right upper lobe, with bilateral apical cavitation. At the apex were elicited a 
faint thrill and a distinct diastolic murmur transmitted to the axilla. A 
diastolic murmur was also heard in the second left intercostal space. The 
pulse was regular and rhythmical, and fluctuated between 90 and 110. Blood- 
pressure 110/80. Sputum positive, blood Wassermann negative. 

The clinical course was slowly progressive. Increasing dyspnoea became 
manifest shortly after arrival. This was attributed, in part at least, to 
myocardial insufficiency, but, owing to the persistent low-grade fever and 
roentgen signs of progression in the pulmonary lesion on the left side, artificial 
pneumothorax was instituted in September, 1925, and a successful left upper- 
lobe collapse was obtained. During the subsequent 10 months there seemed 
to be some improvement in her general condition, and the dyspnoea, too, 
was less distressing, but at the end of that period the patient began to com- 
plain of frequent attacks of pain over the precordium. During the attacks 
the face had a marked pallor, an anxious expression, and occasionally clammy 
perspiration. The pulse was regular but rapid, and there was no change in 
the blood-pressure. The pain did not radiate to the shoulders or back. Afier 
the attacks, which varied in duration from 3 to 15 minutes, she was left in an 
extremely weakened condition, feeling dizzy and complaining of palpitation 
for about 15 minutes. 
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Fic. 3. Teleoroentgenograph of case 2. Note prominence of pulmonary-artery and left- 
auricle. Arrows indicate margin of compressed lung. 


Lead No. 3—Betiween Left Arm and Left Leg 


Fic. 4, Electrocardiograph of case 2, showing irregularity of rhythm in leads 1 and 2, and 
premature ventricular beat in lead indicated by arrow. 
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On account of these cardiac manifestations and increasing dyspnoea, the 
gas refills were discontinued in November, 1926, but to date the patient is 
still subject to attacks of precordial pain, palpitation and dizziness, although 
the respiratory symptoms are in the background and auscultation shows no 
evidence of any tuberculous activity. 

The teleoroentgenograph (figure 3) shows the heart to be of normal size, 
with moderate prominence of the pulmonary artery and left auricle. In the 
electrocardiogram (figure 4) is seen a slight irregularity of the rhythm in leads 
1 and 2, and a premature ventricular beat in the fourth complex of lead 1. 
Aortic insufficiency, which is suspected in this case, usually causes a left 
predominance, but the coexistence of mitral stenosis, pulmonary fibrosis and 
pneumothorax, all of which tend to produce a right predominance, is re- 
sponsible for the absence of any left axis deviation. 

The cardiac affection in this case has not influenced unfavorably the 
course of the tuberculous process. The pneumothorax proved of great value 
in stemming the progress of the tuberculosis and, for a time at least, did not 
apparently embarrass the heart. However, since cardiac symptoms became 
manifest after the institution of pneumothorax, the latter might have been 
a contributing factor in the disturbance of cardiac function. The anginal 
attacks are in all probability due to mitral disease. Mitral disease as a cause 


of anginal pains has only recently come to be recognized; in other words, 
coronary and aortic sclerosis are not the only causes. The aetiology of the 
valvular lesion has not been ascertained. 


Case 3: P. S. (no. 6196), male, 25, occupation salesman, admitted September 
4, 1923. 

Family History: Mother died of heart disease at 48. Previous History: 
Usual diseases of childhood. Acute articular rheumatism at 5, followed by 
apparent recovery in 4 weeks. ‘Tonsillectomy at 12, but there is no history 
of previous attacks of tonsillitis. Appendicectomy under ether anaesthesia 
in 1919. In 1922 patient was examined by a physician in charge of a gymna- 
sium, and was told that the heart was normal and that he might, therefore, 
indulge in athletics. 

Present Illness: Acute onset in July, 1923, with pleurisy complicated by 
what was diagnosed as pneumonia. A diagnosis of tuberculosis was made 
when the sputum was found positive for tubercle bacilli. Physical examina- 
tion pointed to a moderately advanced active pulmonary tuberculosis involv- 
ing the right upper lobe and left apex. Heart findings were negative, with 
the exception of a marked accentuation of the pulmonic second sound. Blood- 
Pressure: Systolic 90, diastolic 70. Urine and blood Wassermann negative 
At the end of one year, physical and roentgen examinations showed markec 
clearing of the pulmonary lesion. The patient was, therefore, permitted t: 
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sume work, which he continued until May, 1925, when he sustained an acute 

apse. After curing in several eastern institutions, he applied for read- 

ssion to the National Jewish Hospital in March, 1927. Physical examina- 
tion at this time disclosed extensive infiltration of the entire right lung, with 
vity-formation in the upper lobe, and moderate infiltration of the left upper 
»e. The apex impulse was 0.5 cm. outside the midclavicular line, and a 
«nt diastolic murmur was elicited at the apex. The pulse-rate ranged be- 

een 70 and 90, and there was slight irregularity in rhythm. Laboratory 
firdings were negative, except for positive sputum. The new points of interest 

the intervening history were frequent attacks of pain in the cardiac region, 
dizziness and dyspnoea. The first attack occurred in July, 1926, lasting 15 
minutes. During the attack, he stated, his body ‘“‘felt like lead and unable to 
move.” No palpitation. No radiation of pain to the back or shoulders. In 
all, he had eight such attacks, four of which occurred during his residence in 
the hospital. Blood-pressures taken at the height of the attack showed no 
changes, but the pulse-rate was accelerated to 120, and there was more 
marked irregularity. The irregularity would persist for one or two days, 
although the symptoms rarely lasted longer than 15 minutes. 

On July 28, 1927, the patient had a large haemoptysis. Being reasonably 
certain that the bleeding came from the right lung, we instituted pneumo- 
thorax and obtained a satisfactory collapse. General improvement followed, 
and the temperature, which formerly ranged 99-101°F., subsided to within 
normal variations until April 12, 1928, when the temperature suddenly 
mounted to 102°F., accompanied by sharp pain in the right chest. In a few 
days a level layer of fluid at the 4th rib could be seen on fluoroscopic examina- 
tion. Although there is not much cardiac displacement, there is apparent 
disturbed heart action as manifested by irregularity, precordial pain and 
palpitation. 

The teleoroentgenograph (figure 5) shows no enlargement of the heart, but 
there appears to be moderate prominence of the pulmonary-artery and left- 
auricle areas. In the electrocardiogram before pneumothorax (figure 6) an 
irregularity in rhythm is seen in all three leads and paroxysmal auricular 
fibrillation. The pronounced right ventricular predominance confirms the 
clinical diagnosis of mitral stenosis. An electrocardiogram taken after 
pneumothorax was instituted showed no changes. 

The cardiac symptoms are undoubtedly due to the mitral stenosis. It is 
quite likely that the lesion is rheumatic in origin and became reactivated during 
the acute tuberculous relapse. The fact that the anginoid pains have not 
recurred during the first 4 months following the institution of the pneumo- 
thorax, which produced an amelioration of the respiratory symptoms, would 
point to the toxaemia as having been some factor of consequence. The 
preumothorax exercised no demonstrable ill effect upon the heart, but when 
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he former became complicated by a pleural effusion cardiac embarrassment 
sromptly set in. 


‘ase 4: I. B. (no. 5976), female, 44, occupation housewife, admitted April 25, 
1926. 

Family History: One brother died of pulmonary tuberculosis. Father died 
ff heart disease at 62. Previous History: At the age of 16 patient had severe 
pains in the wrist and ankle joints for 3 weeks, accompanied by moderate 
ever. The diagnosis was articular rheumatism. She has always been sub- 
ject to frequent attacks of tonsillitis. 

Present Illness: Sudden onset 4 years ago with haemoptysis. In institu- 
tions since then, pursuing a benign course. Physical examination shows an 
extensive pulmonary tuberculosis, involving the upper half of the right lung, 
with cavity-formation and infiltration of the left upper lobe. The apex im- 
pulse is 1.5 cm. outside the midclavicular line. A loud systolic murmur is 
heard at the apex and transmitted to the axilla. All laboratory findings are 
negative, including the sputum. Blood-Pressure: Systolic 120, diastolic 90. 
Pulse regular and rhythmical. In June, 1926, the patient experienced for the 
first time a choking sensation and pain in the cardiac region. This attack 
lasted only a few minutes and was followed by palpitation which persisted for 
several hours. No acceleration of the pulse-rate nor any changes in the blood- 
pressure. These attacks have since been recurring at irregular intervals, 
ranging from 3 days to 2 weeks. Her general condition is very good and in 
the absence of cardiac symptoms she is able to do light work. 

The teleoroentgenograph (figure 7) shows considerable cardiac enlarge- 
ment, but no prominence of the left auricle or pulmonary artery. This con- 
firms the diagnosis of mitral insufficiency as being the principal lesion, although 
Cabot’s (10) comments on the rarity of single mitral lesions are not ignored. 
As a matter of fact, the absence of a marked left predominance in the electro- 
cardiogram of this case (figure 8) is explained on the assumption that there is 
present a mild degree of mitral stenosis. The coexisting pulmonary fibrosis, 
which tends to produce frequently a right predominance, might also be re- 
sponsible for the relatively slight left axis deviation. 

In this case, then, we have a well-compensated valvular lesion. The 
mitral insufficiency has had no bad effects on the pulmonary lesion. On the 
contrary, the latter has pursued an unusually benign course. It must be 
issumed that the mitral lesion is responsible for the cardiac symptoms. The 
uttack of rheumatism in early childhood and the subsequent tonsillitis were 
undoubtedly the aetiological factors. The continuous bed-rest necessitated by 
‘he cardiac symptoms may have been a factor in the gradual healing of the 
pulmonary lesion. 
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Fic. 7. Teleoroentgenograph of case 4. Note marked cardiac enlargement clinically 
compensated, but there is no prominence of areas corresponding to pulmonary artery and 
left auricle. 
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Fic. 8. The electrocardiograph of case 4, showing no abnormality, excepting a slight le! 
ventricular predominance, as manifested by the downward R in lead 3. 
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Case 5: B. F. (no. 6160), male, 36, occupation merchant, admitted January 

6, 1927. 

Family History: Father has been suffering for many years from heart 
cisease. Previous History: Acute follicular tonsillitis in 1912. No tonsil- 
‘-ctomy. No recurring attacks. 

Present Illness: Insidious onset in the spring of 1921, pursuing a slowly 
“rogressive course, necessitating continuous hospitalization. In August, 
'923, the patient came under the observation of one of us. At that time, the 
:hysical signs pointed to a far-advanced moderately active pulmonary tuber- 
culosis, involving the greater portion of the left lung and the right upper lobe. 
‘he heart was normal in size, rate rapid but rhythmical, and a systolic murmur 
was audible in the second left intercostal space. Blood-Pressure: Systolic 
130, diastolic 90. Urine showed occasionally a few hyaline casts. No cardiac 
symptoms at that time except tachycardia. The latter was attributed to the 
tuberculous toxaemia. On account of persistent subfebrile temperature, 
pneumothorax was instituted on the left side and only a basal collapse was 
obtained. During the three months that the patient received refills, the 
respiratory symptoms seemed somewhat improved, but the pulse-rate became 
accelerated from 110 to 130 when at rest. For this reason the treatments 
were discontinued. A review of his clinical course for the last two years shows 
that the respiratory symptoms are in the background, while cardiac symptoms 
are in the forefront. Among the latter are palpitation, dyspnoea, paroxysmal 
attacks of pain in the cardiac region, constant dull pain in the same area, and 
tachycardia. Recent physical examination shows the pulmonary lesion to 
be rather quiescent, and the only significant cardiac findings are the persistent 
tachycardia and the loud systolic murmur at the base. The urine shows 
albumin, and hyaline and granular casts. Blood chemistry is normal, blood 
Wassermann is negative, and the blood-pressure is 140 systolic and 80 diastolic. 
The teleoroentgenograph shows no cardiac enlargement, while the electro- 
cardiogram discloses a slight degree of right axis deviation which is not an 
unusual finding in extensive pulmonary fibrosis. A slight irregularity in 
rhythm is also noted. 

This case illustrates the difficulty in evaluating the significance of cardiac 
symptoms when associated with a murmur usually considered functional 
because of its location. Is it functional? The moderate hypertension may be 
‘ue to the existing nephritis, although it is not improbable that there is also 
2n atherosclerosis. The murmur may be due to atheromatous changes in the 

rge vessels at the base of the heart, causing a narrowing of the orifice. 
“hat such a condition is not uncommon is evidenced by the fact that in a 
s-ries of 50 autopsies on young tuberculous subjects, we found sclerosis of 
( 1e or more cardiac valves in 10 or 20 per cent. 
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Case 6: R. S. (no. 5923), male, 44, occupation merchant, admitted January 
19, 1925. 

Family and Previous Histories: Irrelevant. 

Present Illness: Sudden onset with haemoptysis in 1916. The usual course 
of chronic phthisis followed, each relapse being precipitated by haemorrhage. 
The pulmonary lesion is extensive and bilateral, with cavitation in both upper 
lobes. Sputum positive. The urine contains albumin, hyaline and granular 
casts, and the blood chemistry shows a retention of nitrogenous products. 
The pulse-rate ranges between 60 and 80, and the blood pressure is 112 
systolic and 80 diastolic. Cardiac manifestations occurred for the first time 
14 months ago, when the patient complained of palpitation, faintness and a 
feeling of oppression in the region of the heart. The nurse reported a pulse- 
rate of 160. Within 5 minutes the pulse-rate became normal and the symp- 
toms disappeared. Dyspnoea has since become a prominent symptom. 
On September 15, the patient had a typical attack of paroxysmal tachycardia, 
which lasted four hours. Six similar attacks have occurred since, varying in 
duration from three minutes to six hours. His apprehension is great, as he 
feels certain that he will not survive another attack. 

The teleoroentgenograph (figure 9) shows considerable widening of the 
aortic shadow and some retraction of the heart to the right. The electro- 
cardiogram (figure 10) proved quite a surprise, because of an unexpected 
finding of left bundle branch block. In lead 1 the P is inverted. The QRS 
is prolonged in all leads, the S or R is notched or slurred in all leads, and the T 
is opposite the main deflection in leads 1 and 2 and in addition inverted in 
lead 3. 

This case is of special interest, since little is known of the aetiology of 
paroxysmal tachycardia. The heart findings in this case are negative, but 
the electrocardiogram shows definite disturbance in the conduction mechanism. 
Such finding warrants a poor prognosis. To consider such clinical manifesta- 
tion as functional is not only unscientific, but unfair to the patient and his 
family. In this connection there is worth citing the case of a young woman 
who was under our observation in 1923 for about six months. Though sent 
to Colorado for tuberculosis on account of cough and weakness, the lung 
findings were inconclusive. She was subject to frequent attacks of paroxysmal 
tachycardia, lasting from five minutes to twelve hours. As she was markedly 
neurotic, the cardiac manifestations were considered functional. Death 
occurred during one of these attacks, the terminal symptoms being pul- 
monary oedema. Necropsy disclosed no gross abnormalities except chronic 
adhesive pericarditis. It is not unlikely that in the case under consideratio! 
a similar condition exists. The cyanosis and dyspnoea certainly favor suc! 
a possibility. The slow pulse-rate can be accounted for by the partial heart- 


block. 


Fic. 9. Teleoroentgenograph of case 6. Note marked widening of aortic shadow and 
retraction of heart to the right. The chief clinical feature was paroxysmal tachycardia. 
The heart is not enlarged. 


Lead No. 1--Betw: 


Lead No. 3—Between Lett Arm and Left Lex 


Fic. 10. Electrocardiograph of case 6, showing inverted P in lead 1, prolongation of the 
QS in all leads, and the notching of the R or S in all leads, with the T opposite the main 
de lection in leads 1 and 2. This is a typical tracing of a left bundle branch block. 
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SUMMARY 


The coincidence of valvular heart disease and pulmonary tuberculosi 
is not as rare a condition as is generally supposed. Dyspnoea out o 
proportion to the pulmonary involvement, especially when there are n: 
constitutional symptoms, should arouse the suspicion of an existin: 
cardiac affection. The absence of murmurs does not exclude the 
possibility of grave valvular affections. According to Broadbent (11), 
a murmur is rarely present in the third stage of mitral stenosis. It is 
of particular importance to the phthisiologist to remember that digestive 
disturbances, pressure pain in the epigastrium, gaseous eructations foi- 
lowed by. temporary relief from the epigastric distress, paroxysmal 
attacks of dyspnoea and cough, fatigue on the slightest exertion, dis- 
inclination or inability to concentrate on a physical or mental effort, 
and other well-known so called neurotic symptoms, may be due as muc! 
to early cardiac decompensation as to active pulmonary tuberculosis. 
The proper evaluation of these symptoms is no small problem. 

Of the 6 cases presented, three have mitral stenosis, one mitral in- 
sufficiency, one a valvular abnormality in the aortic or pulmonic valve, 
and one a left bundle branch block. All have symptoms referable to 
the heart. Of the 4 mitral cases, three had therapeutic pneumothorax. 
In case 1 the haemoptyses were probably caused primarily by the 
stenosis and not by the ulcerations of the lung. The pneumothorax 
failed to influence the course of the pulmonary lesion and unquestionably 
hastened cardiac decompensation. In case 2 the pneumothorax brought 
about a quiescence of the pulmonary disease but precipitated cardiac 
symptoms. Case 3 was at first benefited by pulmonary collapse, but, 
when the latter became complicated by a large pleural effusion, there 
was a recurrence of cardiac symptoms. Simple mitral insufficiency, as 
noted in case 4, pursued a benign course, and was apparently not un- 
favorably influenced by the associated tuberculosis. In the fifth case 
an aortitis with sclerosis of the valves is the probable cause for the 
symptoms. Case 6 illustrates the value of routine electrocardiographic 
examinations, for without the latter a diagnosis of the actual pathology 
could not have been made. 


CONCLUSIONS 


1. The incidence of valvular heart disease in pulmonary tubercu- 
losis, recognizable clinically, is only about 6 per cent in our experience. 
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2. Artificial pneumothorax, when indicated in such cases, should be 
administered with great caution. 

3. The earliest manifestation of cardiac disturbance is an indication 
for discontinuing the pulmonary compression. 

4. Complete bed-rest must be rigidly enforced for a longer period of 
time than in cases not complicated by heart disease. 

5. The electrocardiogram is often of the greatest value in determining 
the cause of obscure cardiac symptoms. 
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PATHOLOGICAL STUDIES ON TUBERCULOUS 
ENTERITIS!.? 


BENJAMIN GOLDBERG, HENRY C. SWEANY AND ROBERT W. BROWN}? 


It may seem superfluous to attempt a report on tuberculous enteritis 
after the appearance of such a complete work as that of Brown and Samp- 
son (1). Nevertheless, there may be certain aspects of the subject that 
will be better established by a report of our autopsy findings on 230 
patients who died with advanced pulmonary tuberculosis. 

The literature on the subject has been brought down to date in a most 
convenient manner by the above-mentioned authors. We find that 
Bayle, Laennec and especially Louis gave rather complete descriptions 
of this type of tuberculosis. The relationship of pathological changes to 
symptoms was dwelt upon by Louis (2) in 1825. He covered the subject 
thoroughly from the clinical and gross-pathological standpoint, consider- 
ing the rather small size of his series. 

Rokitansky’s description (3) in 1843 is perhaps the most complete of 
any up to his time and it has served as a model for other workers ever 
since. To one familiar with the pathology of tuberculous enteritis his 
work appears as the essence of an extensive experience. It is a complete 
description for which only a large series could possibly supply the details. 
He describes how the chronic form of tuberculous enteritis begins in the 
mucosa of the intestines as grayish tubercles, ultimately softening in the 
centre to form an ulcer. In the acute forms the lymphatic tissue is 
inflamed and hypertrophic first in Peyer’s glands, then in the solitary 
follicles, and finally in the intestinal mucosa. Ulceration occurs at first 
in isolated points in the lymph follicles, and ultimately they coalesce, 
forming an elongated ulcer with a grayish floor and a red, raised and 
dentate border that spreads gradually beyond the margin of the lymphoid 
tissue. Rokitansky described the mechanism of perforation, the develop- 
ment of tabes mesenterica, the location of ulcers, and the factors of 
healing. 

1 From the Research Laboratories of the City of Chicago Municipal Tuberculosis Sani- 
tarium, Chicago, Illinois. 

2 Presented at the twenty-fourth annual meeting of the National Tuberculosis Association, 
Portland, Oregon, June 19, 1928. 
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Girode (4) in 1885 described the shortening of the bowel in enteritis 
and reported a very high percentage of Peyer’s-patch hypertrophy (8 
of 29 cases) as well as longitudinal ulcers (9 of 24 cases). Annular 
ulcers (7 of 24 cases) are rarely complete and may coexist with the other 
forms. He considered, as did Louis, that practically all people who died 
of advanced tuberculosis had tuberculous enteritis. Serpiginous ulcers 
are a result of a coalescence of smaller ulcers. Large punched-out ulcers 
with a red floor (the muscularis) are also described. 

Fenwick and Dodwell (5) in 1892 in 500 cases, Fowler and Godlee (6) 
in 1898 in 323 cases, Powell and Hartley (7) in 1921 in 160 cases, and 
Engelmann (8) in 1917 in 100 cases, obtained comparable results respec- 
tively. They found that the duodenum is affected in 2 to 3 per cent, 
the jejunum in from 20 to 30 per cent, the ileum in from 60 to 85 per cent, 
the caecum in about the same ratio, the colon in about 40 per cent, the 
appendix in about 40 per cent, and the rectum in about 13 per cent of 
cases. ‘The figures are given as averages only, but show that usually the 
involvement increases gradually toward the ileocaecal valve and then 
decreases toward the rectum in a “crescendo” manner. 

Of the more recent investigators Gant (9) in 1923 found 80 per cent of 
enterocolitis in 100 cases, some with unusual complications. Schwatt 
and Steinbach (10) in 125 ulcerative cases found the duodenum involved 
in 2.4 per cent, the jejunum in 34.4 per cent, the ileum in 84 per cent, the 
caecum in 67.27 per cent, the appendix in 32 per cent, the colon in 50.4 
per cent, and the rectum in 12 per cent. 

Outside of a slight shift toward involvement of the ileum the figures 
are comparable to the composite ones given above. 

The mechanism of the tubercle-formation has been studied by Medlar 
and Sasano (11) in guinea pigs and in one human specimen. Gardner 
(12) on a series of 32 human autopsies carried out accurate serial-section 
studies. Both of these reports tend to support the direct-contact in- 
fection, despite the fact that some bacilli are blood-borne and some are 
bile-borne. They state that the microédrganisms may squeeze through 
the mucosa or pass directly into the lymph nodules, where early exuda- 
tion, hyperaemia and round-cell infiltration take place. This is followed 
by the characteristic specific changes of tubercle-formation. Spread 
takes place by the submucous lymphatics, and the mucosa is gradually 
undermined as the process spreads and ulcerates. 

Quite recently Glatz (13) has reported a microscopic study of tuber- 
culous enteritis. This investigator claims that tuberculosis of the 
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gastrointestinal tract shows the same type of change as that in the lungs, 
some processes being exudative, while others are proliferative. 

The complications of tuberculous enteritis have been touched upon by 
various authors, but all such reports are fragmentary. It is this phase 
of the work in which an opportunity exists for future progress, from both 
a clinical and a pathological standpoint. A few of the most important 
complications are perforation, generalized and localized peritonitis, 
stenosis, adhesions, diverticula, etc. 

There are likewise scanty reports in the literature on the associated 
diseases in tuberculosis with and without enteritis. These conditions 
also afford an interesting field for research. Such conditions as malig- 
nant tumor, syphilis, silicosis, bronchiectasis, peptic ulcers, extrapul- 
monary tuberculosis, fistula-in-ano, toxic enteritis, and nonspecific 
appendicitis and peritonitis, are all important associated conditions. 

In the work to be reported we have compiled the gross and microscopic 
pathological changes found in 230 autopsies of tuberculous enteritis, 
including complications and associated conditions. 

In table 1 are shown the type and location of the lesions in ulcerative 
and nonulcerative tuberculous enteritis, as well as a certain number of 
tuberculous individuals who did not have enteritis at all. 

There were 184 (80 per cent) having enteritis, 119 (51.8 per cent) 
with severe lesions and 65 (28.2 per cent) with early and unusual lesions. 
Of the severe lesions, there was one with ulcers from the stomach to the 
rectum. The small lesions in the stomach revealed no specific tubercles, 
but the round- and epithelioid-cell infiltration, and the fact that there was 
a continuous chain of ulcers from the rectum to the stomach, were 
strongly suggestive of its tuberculous nature. Such a finding is very 
uncommon. There are reports of atrophy of the gastric mucosa, and 
peptic ulcers, but tuberculosis of the stomach is rather rare. Quite in 
keeping with the observation of others, the duodenum was involved in 
7 (3.8 per cent). This includes the one preceding. The same type of 
extensive involvement was present in this group asin the preceding. The 
lesions from the jejunum to the sigmoid were more common in 39 (21.2 
per cent). From the upper ileum to the sigmoid there were 30 (13.0 
percent). The greatest number were those extending for a short distance 
on each side of the ileocaecal valve 43 (18.7 per cent). 

Of the early and unusual lesions there was quite a diversity found. 
There were 11 (4.8 per cent) in the ileum only and 13 (5.7 per cent) in 
the caecum only. Of those in the ileum 4 were deep and 7 were super- 
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TABLE 1 
Findings in the gastrointestinal tract of patients who died of pulmonary tuberculosis 


Total number of autopsies 


Number having ulcerative enteritis 
Severe lesions 
Lesions from stomach to rectum 


Lesions from jejunum to sigmoid or rectum 
Lesions from upper ileum to sigmoid or rectum 
Lesions from midileum to transverse colon 


Early and unusual lesions 
Ulcers in the ileum only 
Superficial 


Ulcers in the caecum only 
Superficial 


Ulcers in the colon only 

Ulcers in the ileocaecal valve only 

Uicers in the appendix only 

Ulcers in the caecum and colon only 
Ulcers in ileum appendix and caecum only 
Ulcers in ileum, and appendix 

Ulcers in appendix and caecum 

Ulcers in ileum and caecum 


ON CO C 


Number without ulcerative enteritis 
Number with lesions 
Acute lymphoid hyperplasia with slight infiltration and hyperaemia 
Definite tubercles 


Number without complications 
Number with complications 


Pott’s with miliary. 

Cerebellar haemorrhage in chronic tuberculosis 
Tleus (strangulation in M. A. B. patient) 
Emphysema and nephritis in M. A. B 

Acute pneumonia 

Thoracoplasty 

Arteriosclerosis in chronic tuberculosis 
Spontaneous pneumothorax 


per cent 
Lesions from duodenum to réctum.. 6 2.6 
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ficial. In the caecum 5 were deep and 8 were superficial. One case had 
a single isolated ulcer in the transverse colon. 

Of considerable interest is the fact that there were four ulcers on the 
ileocaecal valve only. This with the early ulcers in the caecum is per- 
haps to a certain extent traumatic. This point will be mentioned later. 
There were two cases with lesions in the appendix only. Combinations 
of two or three locations had a considerable number of representatives 
as shown in the table. 

The patients without enteritis are shown in the next group. There 
were 46 (20 per cent) in all. There were 11 of these with lesions, 4 having 
definite gross tubercles and lymphoid hyperplasia, while 7 had only a 
slight infiltration and hyperaemia with suggestive microscopic tubercles 
present. There were 35 (15.2 per cent) without lesions at all. Of this 
number only 12 (5.2 per cent) had what might be called uncomplicated 
tuberculosis. Even a few of this number had chronic tuberculosis of 
many years’ duration, in which it was impossible to rule out shallow 
healed ulcers. Two patients having very acute tuberculous pneumonia 
showed no specific enteric lesions. There appear to be, therefore, two 
types of advanced uncomplicated pulmonary tuberculosis that may not 
have ulcers at death; first, those that die of an extremely rapid tubercu- 
lous pneumonia and those that die following a long-standing fibroid 
condition. Of considerable importance are the early inflammatory 
changes, consisting of hyperaemia, oedema, lymphoid hyperplasia in 
the mucosa, and in the mucosal, submucosal and mesenteric lymph nodes. 
It is difficult to determine the tuberculous nature of many of these lesions. 
The fate of the bacilli in these early lesions is unknown. Some possi- 
bilities are that they may pass through the lymphatics to the blood- 
stream, or be destroyed without tubercle-formation, or they may form: 
tubercles that are unobserved. Perhaps all these conditions take place 
during different stages of the process. As the infiltration becomes more 
marked the normal circulation is interfered with and round- and epithe- 
lioid-cell proliferation, necrosis, and ulceration are the natural result. 

The concomitant diseases associated with the pulmonary tuberculosis 
are shown at the end of the table and are as follows: Generalized 
miliary tuberculosis 6, “hyperplastic” tuberculosis 3, silicosis 3, syphilis 
2, Pott’s disease with generalized miliary 2, and one each of a cerebellar 
haemorrhage in chronic tuberculosis, ileus in a moderately advanced 
case, acute pneumonia, thoracoplasty, and arteriosclerosis in advanced 
tuberculosis. 
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In table 2 the various locations along the gastrointestinal tract are 
tabulated. There were 1 (0.6 per cent) badly ulcerated tongue, 1 (0.6 
per cent) gastric lesion, 7 (3.8 per cent) duodenal lesions, 39 (21.2 per 
cent) jejunal lesions, 153 (83.2 per cent) ileal, 160 (87.0 per cent) 
caecal, and 72 (39.1 per cent) appendiceal lesions (leaving out those in 
which an appendiceal operation had been performed), 132 (71.7 per cent) 
colonic and 30 (16.3 per cent) lower sigmoidal and rectal lesions. These 
figures are in general the same as those of other workers. The figures for 
the caecum and colon are slightly higher than those usually reported. 

The complications of tuberculous enteritis are quite varied. Of great 
importance is the oesophageal fistula caused by ruptured enlarged hilum 
lymph nodes. One of these had discharged and healed, leaving a divertic- 
ulum. The other opened into a tuberculous cavity within the largest 
hilum node. There was practically no pulmonary involvement, but an 
extreme degree of intestinal tuberculosis was present. Quite obviously 
the autopsy helped to clear up the diagnosis. 

Peptic ulcers are not uncommon in pulmonary tuberculosis. Six were 
present in the stomach and two in the duodenum, a total of 4.3 per cent. 
Submucous haemorrhages were present in about 20 per cent of the cases. 
About an equal number showed atrophic gastric glands, with atony of 
the musculature, thinning of the mucosa and flattening of the rugae. 
One interesting case was that of agonal autodigestion. The autopsy 
was performed immediately after death, but the cardiac end of the 
stomach was entirely digested and the pylorus was partly digested away. 

Intestinal perforations are very uncommon considering the number 
and depth of tuberculous ulcers. This is due to several factors. Usually 
the omentum seals the rupture, or an adjacent loop of bowel or the body- 
wall helps to close over the breach in many cases, but occasionally a 
rapidly forming deep ulcer perforates with all the symptoms of perfora- 
tion. Three cases (1.8 per cent) perforated in this manner. One had 
a series of perforations but they were sealed by the omentum. Five 
other perforations were present, but they did not present symptoms nor 
were they determined antemortem. Perhaps most of them were agonal 
from deep ulcers in the ileum. 

The complications referable to a perforated appendix are interesting. 
It is difficult to determine whether the appendiceal perforations are 
tuberculous at the time of perforation. In fact, it seems probable that: 
such a perforation is many times the result of nonspecific appendicitis, 
and that later a tuberculosis develops. Two perforations took place 
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TABLE 2 
Tuberculous lesions of different portions of the gastrointestinal tract 


per cent 


TABLE 3 
Complications of tuberculous enteritis 


per cent 


Oesophageal fistulae 
Peptic ulcers 4.3 
Stomach 
Duodenum 
Perforations 


Appendix to bladder 
Appendix to ileum 
Appendix to body wall 
Faecal fistulae 
Peritonitis without perforations 
Obliterative 
General 
Diverticula 
Meckel’s (2 with tuberculosis) 
Duodenal 


Stenosis of colon 

Tleus (strangulation due to adhesion) 
Spastic colon 

Tabes mesenterica 


TABLE 4 
Extrapulmonary tuberculosis with enteritis 


per cent 


Pott’s disease f 0.6 
“Primary complex” 1.1 
Meningitis (generalized miliary) 1.6 
“Hyperplastic” tuberculosis 1.1 
Primary tuberculosis of prostate 0.6 
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etween the appendix and bladder, forming a faecal fistula. One of 
hese was interesting because of the diagnostic difficulties it presented. 

‘atheterized ureteral specimens of urine were not tuberculous, yet the 
ladder urine contained large numbers of tubercle bacilli. The per- 

yration possessed a valve-like mechanism that withheld faeces at one 
ime and discharged it at another. Two perforations existed between the 
ppendix and ileum, by a doubling back of the appendix on the ileum 

yrming a perforation. 

Another perforation discharged into the body-wall, forming a faecal 
stula. Finally one perforation extended from the end of the appendix 

o the sigmoid, with a complete open fistula. 

There were 5 faecal fistulae, ranging from a small local perforated 
«ppendiceal abscess to the whole peritoneal cavity. There were 3 local- 
ized abscesses resulting from appendiceal perforations; one faecal fistula 
into the bladder, as mentioned before, also extended into the whole 
peritoneal cavity. There was a fibrous membrane covering the whole 
peritoneum 5 mm. in thickness. The whole sac contained about 2 
litres of faecal material. Another entire peritoneal fistula followed a 
low-grade peritonitis that resulted in 48 perforations penetrating the 
intestines. The intestines were matted together. 

Occasionally there occurs a peritonitis without perforation. Some of 
them are frankly tuberculous. One was in a Mexican having large 
nodular (hyperplastic) tuberculosis. Another was a peritonitis produced 
by a semiacid-fast microérganism that apparently preceded a generalized 
tuberculosis. Another was a chronic fibrotic type producing a coating 
over the spleen that resembled Pick’s cirrhosis. Still another completely 
obliterated the peritoneal cavity by ‘“‘tissue-paper” fibrous adhesions. 
The others were of more typical tuberculous nature. 

Diverticula were present in about the normal expectancy. Meckel’s 
diverticulum was present 3 (1.8 per cent) times. Two of these diverticula 

ere tuberculous. There was one small diverticulum in the oesophagus, 

s mentioned before. One was present in the ileum about 10 cm. above 
he ileocaecal valve, measuring 3 cm. in depth. One was in the caecum 
$a result of healing and contraction of the mucosa. 

Stenosis of the colon was present twice where the lumen was approxi- 
‘ately 1.5—2 cm. in diameter. This was also the result of healing ulcers. 
he microscopic appearance of such a colon is shown on plate 5, where 
brous tissue has formed in and between the muscle layers. Such a 
on has almost a “board-like” hardness. There were numerous 
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instances of stenosis due to inflammation of the mucosa. ‘There were also 
38 cases having a spastic colon where throughout the whole length it 
measured about 2 cm. in diameter. There were two cases of agonal and 
one of antemortem intussusception. ‘There was one case of ileus as 
the result of a strangulated hernia. Many of these unusual findings are 
to be reported later. 

The mesenteric lymph nodes were nearly always enlarged. In fact, 
the first sign of tuberculosis in the mucosa is followed by a slight enlarge- 
ment of the contiguous nodes. Only 42 (22.8 per cent) showed marked 
enlargement with caseation. 

Table 4 shows the cases that had extrapulmonary tuberculosis with 
enteritis. There was one patient having a tuberculous spine that 
developed pulmonary involvement and enteritis, associated with what 


PLATE 1 


Fig. 1. Photograph of the ileocaecal region of the intestinal tract of H. B. (autopsy 274), 
female, age 17. Small ulcers were present in the solitary follicles of the ileum as well as the 
caecum. A few larger ulcers were in the caecum. The Peyer’s patches were enlarged toward 
the lower end of the ileum, and early ulcers were visible. This represents a rapidly progres- 
sive condition in a young female with duration of 11 months following an acute onset. 

Fig. 2. Patient a young woman, age 19 (autopsy 255). Duration 11 months following an 
acute onset. The lesion extends laterally beyond the margins of Peyer’s patches as the ileo- 
caecal valve is approached. 


was thought to be a “tuberculous primary complex.” Three patients 
had tuberculous meningitis as a part of generalized miliary disease with 
concomitant enteritis. Two patients had hyperplastic tuberculosis 
throughout or disseminated tuberculosis with enteritis. Finally, one 
patient had what appeared to be primary tuberculosis of the prostate 
gland with terminal involvement. 

The illustrations represent phases of enteritis that are not commonly 
met with, the chief reason being that the earlier stages are not found in 
the average patient dying of pulmonary tuberculosis. 

Plates 1 and 2 represent a series beginning as acute lymphoid hyper- 
plasia, becoming ulcerative with colitis (shown in plate 1, figure 1 and 
plate 2, figure 1), and spreading laterally beyond the borders of the 
lymphoid follicles as a more subacute type (plate 1, figure 2), and the 
chronic form that is extensive and where many deep annular lesions may 
be found (plate 2, figure 2). In plate 1, figure 2, the lesions at different 
points along the ileum show different ages. The ones near the ileocaecal 
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valve have extended beyond the borders of the lymph nodes, while those 
further up the ileum are only hypertrophic. Occasionally we have found 
ulcerations of extreme exudative character. Autopsy 278 was one of 
these, in which the disease process was so rapid that the mucosa was 
undermined beyond the Peyer’s patches, leaving bridges of mucosa in 
many of the ulcers. The series shown in plates 1 and 2 are acute and 
exudative, but are not of extreme type. We have observed such involve- 
ment in young or nonimmune people when the disease runs a rather rapid 
course. The average age of 26 such patients was 29 years, and, as a rule, 
the young patients show this type of involvement to a greater extent 
than the older ones. There is one type of patient that we must mention 
at this point that seems to be apart from the general class described in 
our plates. It is what might be termed the common type of tuberculous 
enteritis and is found in patients of better than average resistance (allergy, 
immunity or whatever it may be). Here there is a tendency to form 


PLATE 2 


Fig. 1. Female, age 16 (autopsy 249). Here again there are small ulcers in the solitary 
follicles of the ileum, caecum and ascending colon. The Peyer’s patches show slightly more 
involvement than in the preceding case. Duration eight months following an acute onset. 

Fig. 2. Woman, age 22 (autopsy 251). Duration 12 months following an insidious onset, 
showing marked involvement with annular ulcers. Perhaps an earlier involvement of the 
intestines than the others. 


round ulcers rather than the longitudinal or annular ones. The ulcers 
begin in the isolated tubercles in the lymphatics and tend to form circular 
ulcers. The reason for this is perhaps due to the better ability of the 
intestines to keep the infection localized. ‘This type shows more tubercles 
with tendency to giant-cell formation and more of a “proliferative” type 
if such a term can be applied to intestinal tuberculosis. This type is 
almost invariably associated with exudative lesions in such a manner 
that it is practically impossible to separate the two into distinct classes. 

The illustrations on healing enteritis are practically self-explanatory. 
The massive fibrosis as shown in plate 7 is well worth notice. ‘This 
fibrosis sometimes becomes so dense that the intestines feel leathery. 
Plate 8 is a typical case of healing enteritis, showing the characteristic 
“mammillations” mentioned by Gardner (12). We have observed that 
these craters sometimes are closed over by mucosa, leaving small white 
abscesses within the craters. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


WN 
=) 
=) 
O 
=) 


| 
| 
199 | 
| 
j 
Fig. i 
r¥ & 3 4 
z 
Fig: fi 
PLATE 2 


GOLDBERG, SWEANY AND BROWN 
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From a young woman, age 19, dying within six weeks of acute onset (autopsy 213). 
Lymphoid hyperplasia is lacking, but early ulceration is present in the lower ileum and 


caecum. 
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PLATE 4 


Fig. 1. Round ulcers of ileum (autopsy 185) in a far-advanced type, who died of epilepsy; 
cne shows healing and contraction at the upper margin. 
Fig. 2. Completely healed ulcer of the same patient. 
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PLATE 6 


Caecum and ascending colon of autopsy 185. 
a. Islands of thickened mucosa. 6. Old ulcers having a very thin covering of atrophic 
rucosa, 
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c. Infiltration of submucosa. 


in one side. 6. Infolded mucosa. 


Solitary follicle with epithelioid cell 


Marked fibrosis. 


a. 


PLATE 8 


Patient who died of pulmonary haemorrhage, showing extensive healing of ulcers with 
o. ly a few craters or mammillations left (autopsy 145). 
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DISCUSSION 


In the course of this study, it became increasingly evident that tuber- 
culosis of the gastrointestinal tract is no different from tuberculosis o/ 
any other organ; that is, it is in its incipiency a lymphatic disease anc 
continues to be such throughout most of its course. Whether it i: 
acquired by direct contact or is blood-borne is not entirely settled, yet 
from the time the lymphatics receive the infection it behaves as a lympha 
tic process. Perhaps the greater number are set up by direct contact wit! 
the intestinal contents, although some evidence of blood-borne infectio1 
exists in a small percentage of cases. 

The process ultimately spreads beyond the confines of the lymphatic 
system, producing specific necrosis and ulcerations that extend to and 
occasionally through the serous coat. Prior to this, the progress ha: 
been along lymphatics; first, in the lymphoid tissue known as solitary 
follicles or groups of solitary follicles of various sizes up to the typica! 
Peyer’s patches. From these the process follows the lymph-vessels 
around the intestines in the submucosal tissue, ultimately draining into 
the mesenteric lymph nodes. As the parts of the gastrointestinal tract 
that are richest in lymphatics are the parts most affected in tuberculo- 
sis, the older of the lesions become ulcerous first and extend from the 
lymphoid follicles around the intestines until advanced annular ulcers 
result. 

The subject may be best developed by taking it up from an anatomical 
and physiological standpoint. 

Anatomically, the lymphoid tissue changes from early life to old age. 
It is quite abundant in early life, and gradually atrophies toward adult 
life, becoming almost entirely absent in old age, with only deposits 
of pigment left to mark the location of the follicles. These changes, 
therefore, cause a different type of tuberculous process depending on the 
age of the individual. In the young, or those in whom the lymph follicles 
are well developed, the first manifestation is a hypertrophy of the lym 
phoid tissue, which if it advances beyond this stage forms longitudinal 
ulcerations not unlike typhoid ulcers. Usually the younger the individ- 
ual the more pronounced the change. The process frequently spreads 
along the lymph-channels through the submucosal tissue, producing ai 
undermining of the mucosa with the formation of mucous bridges. The 
ulcers become annular only as the lesion advances through the natura 
channel of lymph-drainage, circumventing the bowel on the floor of 
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rather dense layer of circular muscular fibres. In older people the first 
ulcer tends to be circular because of the atrophy of very much lymphoid 
tissue and perhaps a development of allergy, which tends to produce a 
closed type of lymphatics and thereby localizes the lesions. 

Physiologically, the problem may be considered from a chemical and 
mechanical point of view. 

Chemically, the reaction from the intestinal contents interferes very 
little with the vitality of the microdrganism during the time of alimentary 
exposure. Enzymatic action, particularly that of the lipases and tryp- 
sases, is far more important in aiding the destruction of all bacilli. Many 
bacilli may be attenuated and altered by these ferments. Also, the 
hydrogen-ion concentration of the intestinal tract may be more suitable 
for the microdrganism in the lower ileum and caecum because the disease 
is more marked in this locality. 

The actual irritation due to food-currents perhaps plays a réle. Such 
irritation takes place at the margin of the ileocaecal valve itself and the 
point of contact of the food-current with the mucosa in the caecum. 

The most common site of the incipient lesion is in one of three places; 
namely, in the lymphoid tissue of the ileum above the valve, at a point 
in the caecum near where the food-current meets the mucosa, and on the 
ileal margin of the ileocaecal valve. From these lesions the extensions 
may be up to the ileum, or down the colon, or both. At a later period 
of the disease lesions appear in the rectum. Stasis very probably plays 
the dominant part in this latter localization. 

The early lesion does not look like a specific process. In this respect 
it is perhaps no different from any other early tuberculous process. Ihe 
first signs are of the acute inflammatory type, with a haemorrhagic and 
serous exudation evidencing large numbers of polymorphonuclear leuko- 
cytes. ‘This is especially true when the lesion begins in or just beneath 
the mucosa. As the lesion advances, lymphocytes appear and finally a 
few epithelioid cells. At the time epithelioid infiltration appears the 
formation of a concrete tubercle is noted in which caseation occurs. 
Rarely are giant-cells found in the acute and progressive lesions, but are 
occasionally seen in lesions of the stationary or retrogressive type. The 
most common finding is a tuberculous granulation-tissue with the round- 
or epithelioid-cell infiltration, to which a variable number of polymor- 
phonuclear cells may be added, depending on the extent of exudation. 

We cannot agree entirely with Glatz regarding the classification of 
tuberculous enteritis into exudative or proliferative types by the micro- 
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scopic pathological findings. It is true that this can be done in a rela- 
tively few of the exudative types or those with healing tendencies, but 
the greater number represent a mixed process that may coexist in the 
same part of the intestine or even in the same lesion, The reason for 
this apparent vacillation between exudation and proliferation in the same 
patient or lesions is one of the problems that we have not yet solved. 
Perhaps there is a variation of strains of the microérganism that may 
account for it. There may also be a localized tissue allergy. 

Since a large number of such tuberculous patients recover completely, 
it is evident that large numbers of lesions of the gastrointestinal tract 
heal entirely. This we have found to be true. Accidental death has 
afforded the material available for the study in a few instances depicting 
the healed and healing lesions. The healing is a gradual process and 
seems to wax and wane with considerable irregularity. 

Ulcers of the lymph-follicles and submucosal tissue may heal without 
scar-formation. Unless such lesions are observed in the act of healing 
they may not be observed at all. Our colleagues, Jaffe and Levinson 
(14), have shown that advanced fibrotic and ossified lesions may be 
resorbed intime. The lesions that extend into deeper tissues, particu- 
larly the muscularis and serosa, leave distinct scars, which may extend 
over large areas of the caecum and colon, resulting in contractions of 
cicatricial tissue and the formation of diverticula. 

We are of the opinion that tuberculous enteritis should be divided 
into two groups: the early type that does not necessarily jeopardize the 
recovery of the patient and the type that appears in advanced disease 
months or weeks prior to death, producing diarrhoea, pain, nausea, 
and constant or intermittent vomiting. 

In the series studied 16 per cent had symptoms of enteritis on admis- 
sion, but most of the others developed symptoms prior to five days before 
death. Those giving symptoms on admission presented the most marked 
lesions at autopsy, although it must be stated emphatically that this is 
not the rule. 

There is not the parallelism between pathological changes and symp- 
toms that one would expect, in that severe symptomatology may be 
recorded only: where an early lesion exists or vice versa. 

There is nothing important concerning perforations, diverticula, etc., 
except those occurring in the oesophagus as a result of perforation of the 
hilum lymph nodes. The diagnosis here can be established only on 
negative sputum and positive results of examination of the stomach 


contents. 
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A final wc . should be said about appendiceal disease. The appendix 
is involved r cher late in tuberculous enteritis, yet it frequently leads to 
dangerous conditions in the nature of sinuses, because of the complication 
of acute nontuberculous appendicitis. A diagnosis must be made of 
acute nontuberculous appendicitis in tuberculosis patients, distinguish- 
ing it from tuberculous enteritis and applying that surgical intervention 
indicated. This will prevent many of the severe end-results. Diagnos- 
tic acumen is very essential in differentiating clinically these pathological 
entities. 


SUMMARY AND CONCLUSIONS 


1. A report is made of the postmortem findings of gastrointestinal 
pathological changes in 230 patients who died of advanced pulmonary 
tuberculosis. 

2. Emphasis is laid upon the fact that tuberculosis of the gastroin- 
testinal tract should be considered more with relation to the lymphatic 
system than has been heretofore emphasized. 

3. The early lesion may be different depending on the age, race, and 
the immunity of the host with a tendency to be more exudative in the 
young and nonimmune. 

4, Although in a minority of cases the lesions are definitely exudative, 
showing only polymorphonuclears, lymphocytes, and epithelioid-cell 
infiltration, with no giant cells and few tubercles, most cases show a mix- 
ture of exudative and proliferative processes, so that a definite classifica- 
tion cannot be made on such a basis. The chronicity of the lesions, as 
well as the various immunizing factors, perhaps guide these changes. 

5. Incipient lesions are found most frequently, first in the lymphoid 
tissue above the ileocaecal valve; second, in the caecum at the point 
where the food-current strikes the caecum; third, on the margin of the 
ileocaecal valve; and very rarely at isolated points in the ileum or colon. 

6. Concomitant diseases are not uncommon, some of which are related 
to the tuberculosis while others are not. 

7. Acute appendiceal lesions are quite important and should be studied 
carefully with the view of removal before perforation and faecal abscesses 
result. 

8. Other findings are comparable to those of previous investigators. 
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TUBERCULOSIS AS AN INDUSTRIAL ACCIDENT 
JOHN B. HAWES, 2np 


Tuberculosis as an industrial accident may not be regarded as a subject 
of strictly medical or scientific nature by many physicians, but it is one, 
however, that cannot be avoided. Ever since the introduction of the 
first workman’s compensation act some fifteen or more years ago, in- 
dustrial medicine and industrial diseases and accidents have played an 
increasingly large part in the practice of a very large group of physicians. 
The question of the relation of the workingman to accident and injury 
in these days of labor unions, benefit associations, industrial insurance 
and compensation acts is a most important one. The meaning and 
interpretation of the words, “industrial accident,” has been changed, 
amplified or again restricted, according to the rulings of the various 
states, so that at present the matter is in great confusion. , In this paper, 
based on a series of cases in which I have testified during the past ten 
or more years, I shall try to clarify the situation to some extent at least, 
and by so doing hope to make it easier for others when called upon, as 
they are bound to be sooner or later, to testify in such cases. 

The Workman’s Compensation Act of Massachusetts (General Laws, 
Chapter 152), which in turn was based on a similar act in England of 
some years previous, is not essentially different from similar acts in other 
states of this country. The interpretations, however, of certain terms 
and phrases occurring in this act and in those of other states may and do 
vary greatly. According to the Massachusetts Act an employee is 
entitled to compensation who receives “a personal injury arising out 
of and in the course of his employment.” It is the interpretation of this 
sentence, and particularly the words “personal injury” and “‘out of and 
in the course of,” that is of the greatest importance, and which likewise 
causes the greatest confusion and difference of opinion. Occupational 
diseases as injuries are not specifically mentioned in this or indeed in 
other acts, but are brought in through the expansion and development 
of the term, ‘‘personal injury.” One of the earliest decisions and one 
of the greatest importance in this connection was the William Hurle 
case (217 Massachusetts 223, February 28, 1914). This man developed 
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an optic neuritis through the inhalation of poisonous gases in the neces- 
sary course of his work. Damages were awarded to the plaintiff, the 
court saying, ‘““There is nothing in the Act which leads to the conclusion 
that ‘personal injury’ was there used in’ a narrow or restricted sense.” 

Another important case bearing closely on this subject was that of 
Otto Johnson (217 Massachusetts 388, April 3, 1914), in which an em- 
ployee grinding lead for twenty years finally became incapacitated from 
lead poisoning. The court stated in this instance as in the Hurle case: 
“Under the Act ‘personal injury’ is not limited to injuries caused by 
external violence, physical force or as the result of accident in the sense in 
which that word is commonly used and understood, but under the 
statute is to be given a much broader and more liberal meaning, and 
includes any bodily injury.” In this respect the English Workman’s 
Compensation Act differs from ours because that Act applies only to 
“personal injury by accident.” The court further stated that “‘it is 
clear that ‘personal injuries’ under our act include any injury or disease 
which arises out of and in the course of the employment which causes 
incapacity for work and thereby impairs the ability of the employee for 
earning wages.” 

On the other hand, the Supreme Court of Massachusetts has ruled 
against certain injuries of a more or less functional nature, such as a 
cigar-maker’s neurosis or other conditions due to faulty posture, etc. 
In one of these cases involving a cigar-maker’s neurosis, commenting 
on the Act itself and the term “personal injury,” the court said, 


The act relates to industrial conditions. It has to do with employment of 
labor. It affords no relief against general disease. It is not a scheme for 
health insurance.’ It deals only with personal injuries following as an immediate 
result from the employment as its direct cause. A disease of mind or body 
which arises in the course of employment with nothing more, is not within the 
Act. It must come from an injury, although that injury may not be a single 
definite act but may extend over a continuous period of time. Poisoning, 
blindness, pneumonia or the giving way of the heart muscles all induced by 
the necessary exposure or exertion of the employment fall within well rec- 
ognized classes of personal injuries. On the other hand the gradual breaking 
down or degeneration of the tissues caused by long and laborious work is not 
the result of a personal injury within the meaning of the Act. The disease 
must be or be traceable directly to a personal injury peculiar to the employ- 
ment. It is difficult to establish between what is a personal injury within the 
act, on the one hand, and simple disease on the other. But personal injury 
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and disease are not synonymous. One does not include the other... . 
although they may overlap in some instances. 


There are few employments which, pursued without due regard to the 
laws of health and the requirements of a correct mode of life, may not 
invite some form of disease. In the above statement the court admitted 
that it went further in its interpretation of this matter than many other 
courts, and indeed quoted similar cases on which an opposite opinion 
had been handed down. I advisedly give emphasis to this point, one 
that should be borne in mind, that a personal injury must arise not only 
in the course of the employment but also it must arise from it. 

I have quoted at length from the decisions of the court in these cases 
because a fundamental point is involved and is discussed wisely and well. 
Before testifying as experts in such cases it would be well to familiarize 
oneself with the substance of the above quotation. To summarize the 
whole matter, the man who breaks his leg in the course of his work suffers 
a personal injury, and in no less degree the stone-cutter who develops 
pneumonokoniosis or phthisis after years of stone-cutting does likewise. 
On the other hand, a day-laborer who gets worn out after years of arduous 
work does not suffer a personal injury any more than the clerk who comes 
down with consumption while working in the bank or store. There are, 
of course, many border-line cases in which it is extremely difficult to 
decide. Some of these I shall comment on later. In this connection I 
would call physicians’ attention to the interpretation of the words 
“possible” and “probable.” In almost every case in which a doctor is 
called upon to testify as to the causal relationship between an employee’s 
work or accident and a subsequently developing pulmonary tuberculosis 
he will be asked whether there was a possible or a probable connection 
between the man’s occupation and his disease. In answering this 
question it is well to bear in mind that industrial accident boards and 
indeed the law in general are not interested in things that are merely 
possible, but only in those that are probable or, better still, posztzve 
factors in the case. 

I am basing my remarks in this paper on 76 cases, in which tuberculosis 
of the lungs was the “personal injury” involved and for which com- 
pensation was demanded and in which I have appeared before the In- 
dustrial Accident Board of Massachusetts or elsewhere during the 
past few years. The sexes and ages of these patients are unim- 
portant. In eleven out of the seventy-six there was a direct exposure to 
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tuberculosis for many years through another member of the family. Of 
the 76 cases twenty-seven were granite-workers with an average length 
of time at work in this industry of approximately thirty years. In 
these twenty-seven it is of course evident that there is a direct relation 
between the occupation and the development of the tuberculosis which 
accompanied or followed the pneumonokoniosis. That these cases 
typify tuberculosis as an industrial accident needs no argument. 

In addition to this group of 27 granite-cutters there are twelve others 
concerning which I likewise feel that there can be no doubt as to the fact 
that the tuberculosis in each one constituted a true personal injury. 
These I will mention briefly. In each there was either a fairly serious 
accident, such as a bad fall or a burn, or else some sudden severe un- 
accustomed physical strain that was followed at once by a haemorrhage 
or, as in three cases, by an acute pneumothorax of tuberculous origin. 
In one of these the train of events, though definite, was prolonged over 
several months. This man in question fell thirty-five feet from a staging, 
receiving a broken ankle and other severe injuries, and was in the hospital 
three and a half months, at the end of which he developed a cough with 
tubercle bacilli in his sputum. Some months later he died. 

In another case a man was shoveling wet snow, the severe exertion of 
which apparently caused an acute pneumothorax, while another man 
cranking a car had the same thing happen. This makes a total of 39 
cases out of the seventy-six concerning which there can be no very real 
doubt as to the relation between the accident or occupation and the sub- 
sequently developing tuberculosis. 

On the other hand, there are 20 cases in which I believe there is likewise 
no possible doubt that there is no relation between the accident or occupa- 
tion and a subsequently developing tuberculosis of the lungs. In four- 
teen of these twenty the reason for this was that the diagnosis of tuber- 
culosis claimed by the plaintiff was not substantiated, no tuberculosis 
being found either clinically or by X-ray. The correct diagnosis in 
these 14 cases was chronic bronchitis, chronic asthmatic bronchitis, 
bronchiectasis, or congenital or acquired heart-disease, while in a certain 
number the symptoms were apparently due to a straight neurosis. One 
man, whose work consisted in glass-cutting, claimed that the particles 
of glass had got into his lungs, thereby causing his symptoms. On 
investigation it was manifestly impossible that any appreciable amount 
of glass dust could have got into his lungs. Another man worked in a 
room where soapstone was used to powder inner tubes. He claimed that 
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it was this soapstone which caused his lung trouble. In the first place I 
was unable to find that he had any lung trouble, while on investigating 
the plant I could see no evidence of any appreciable amount of dust. A 
third man worked in a cartridge factory, where he handled 20 per cent 
sulphuric acid, claiming that the fumes from this acid caused his tuber- 
culosis. I investigated this plant and could find no evidence of these 
fumes, handled the acid myself and found it harmless. Although the 
man had a mild inactive tuberculosis, it certainly was not caused by acid 
fumes. Another man, whose occupation was making piano wires, 
claimed that the dust from the copper wire had got into his lungs, thereby 
causing an irritation which in turn reactivated his tuberculosis. In a 
detailed examination of his work there was no evidence of any dust what- 
soever. In another case one man was engaged in polishing small 
articles with a belt of sandpaper. While there was a certain amount of 
dust in connection with this occupation, the dust-removing apparatus 
was of the best and, in addition, the period of exposure to the very small 
amount of dust present was too short to have had any effect in his partic- 
ular case. It is perfectly evident to anyone having had experience in 
this work that tuberculosis often is used as a convenient diagnosis on which 


to base claims for compensation in far too many instances. The first 
point to be decided in every instance is to make sure that we are dealing 
with tuberculosis in any clinical form whatsoever. 

Finally, there is a third group of border-line cases. This group is of 
such real importance, that I shall take up its cases more in detail. 


J: A young man of twenty-two, with a previous history of pleurisy with 
effusion which antedated his accident by six months, strained his back severely 
in the course of his work. This was followed by a fever, and three months later 
by a recurrence of the pleurisy with effusion for which he was tapped. The 
clinical diagnosis in this case was chronic pulmonary tuberculosis and pleurisy 
with effusion. While in my opinion it is extremely doubtful whether the back 
strain had any connection with the recurring pleurisy with effusion, there is 
of course a possibility that such may have been the case and such a possibility 
I would willingly admit. I would not admit that it was a probability, however. 
Again I would call attention to the fact that in these cases we are dealing with 
probabilities and not possibilities. 


2; An auto-salesman of twenty-six in March, 1924, entered a sanatorium for 
tuberculosis from which he was discharged apparently arrested a year later in 
March, 1925. In August, 1926, while feeling perfectly well and working right 


ij 
fa 
| 
At 
4 
4 
| 


772 JOHN B. HAWES, 2np 


along, soon after changing an automobile tire he raised a small amount of 
blood. He was examined the next day and found to be in perfectly good 
condition, and four months later when I examined him I could find no evidence 
of any active tuberculosis. Here again it is open to argument as to whether 
the exertion of changing an automobile tire could have been a sufficient cause 
of this slight haemorrhage or, if it was the cause, whether or not it incapacitated 
him or did him any harm. 


3: An engineer of fifty-eight, in August, 1923, fell and broke three ribs. After 
being laid up three weeks he went back to work, but immediately had copious 
haemorrhages from his lungs, lasting four days. Two or three months after- 
ward he again went back to work and continued at work until three years later, 
when in August, 1926, he had more haemorrhages. Here is a case of chronic 
pulmonary tuberculosis with a history of fourteen years’ duration, a severe 
accident to the chest in 1923 followed by haemorrhages, and again by more 
haemorrhages after three years of perfect health. In this case I was quite 
unwilling to admit that the accident in August, 1923, had anything whatsoever 
to do with the haemorrhages in August, 1926. 


4: A man of fifty-four, whose chief occupation was that of janitor, but who 
worked occasionally, using an emery wheel, claimed that the dust from the 
emery wheel had caused a quiescent pulmonary tuberculosis to become active. 
By X-ray and clinically, he showed a mild chronic pulmonary tuberculosis 
but no evidence of pneumonokoniosis. With only an occasional use of the 
emery wheel over a comparatively short period of five years I can see no 
relation between his occupation and the mild tuberculosis and willingly testified 
to this effect. 


5: A man who for ten years had been engaged in handling molten metal 
developed a certain amount of lung trouble which he claimed came from the 
fumes developed in the process of his work. On examination it was found that 
these fumes were conspicuous by their absence and that what little fumes 
there were, were of an innocuous nature and, furthermore, that the lung condi- 
tion was not pulmonary tuberculosis but chronic asthmatic bronchitis. For 
some reason that I do not know this was one of the most hotly disputed cases 
that I have attended, although in my opinion there was absolutely no basis for a 
claim for compensation. 


6: Acoal-heaver, whose business it was to load soft coal on a truck at the chutes 
and to deliver it to its destination, claimed that the coal-dust he had inhaled 
during the six years that he had been engaged at this occupation aggravated 
his chronic tuberculosis and caused it to become active. In the first place, 
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coal-dust, while not particularly pleasant to breathe, contains little or no silicon 
and is not a dangerous form of dust. In addition to this, this man had been 
engaged in this work for only six years, and his exposure to the dust came 
practically only when the coal was being loaded from the chute, as coal had to 
be wet down before it was delivered. Although this was a needy and a pathetic 
case and the diagnosis of a well-marked tuberculosis was clear, I do not believe 
that inhalation of coal-dust was any factor. I frankly admit, however, that I 
would not select such an occupation for any of my patients with tuberculosis, 
but it would be rather because the work was too arduous than because of the 
dust. 


7: A chauffeur was pinned against a wall by a crate, so that his chest was 
strained and had to be strapped up. At this time signs of an old tuberculous 
process in the spine was found, although this had never been the cause of any 
symptoms, and at the same time an X-ray showed an old inactive process in the 
lungs. From the time of the accident on March 3, 1925, he did no work until 
November, 1925, when he went to work for two weeks but had to stop. He 
worked again for a short period after December, 1926, and then claimed that 
he was unable to work any further. I find it very difficult to believe that there 
was any relation between a comparatively slight accident to the chest in March, 
1925, and the very slight lung condition which had been and in my opinion was 
still an entirely quiescent one. 


8: A man whose occupation was steel-grinding claimed that the metal-dust 
had reactivated his tuberculosis. From his story it sounded as if such might 
be the case. On investigating the plant, however, I found that only a small 
part of his work was confined to steel-grinding and that the workers were all 
very well protected from what little dust of any kind there was, steel or 
otherwise. 


9: A longshoreman, who some years previously had taken sanatorium treat- 
ment for tuberculosis and had been discharged arrested, had been working for 
nine months in apparently perfect health, doing hard, physical labor, when in 
October, 1924, he struck and wrenched his right knee. He worked for two 
days after this and then had to give up. The knee was operated on a year 
later in October, 1925, and in the spring of 1926 active tuberculosis of the lungs 
developed. He went steadily down hill and died in July, 1926. Although 
this is of course open to argument, I find it difficult to see how a comparatively 
minor accident which took place in October, 1924, could have any direct effect 
on a tuberculosis which did not develop into activity until the spring of 1926. 
It could be argued that there was a fairly definite chain of events going on from 
the original accident, slight as it was, until his death in 1926. Although this 
argument is a perfectly proper one, I was not willing to accept it in this case. 
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10: A young man of twenty-seven whose brother had previously died of 
tuberculosis, while in the course of his work as an emery-wheel-maker, de- 
veloped phthisis and died. He had worked at this occupation for nine years, 
but only during a comparatively short part of this time had he been working 
steadily in those parts of his work in which he was exposed to dust. It isa 
well-known fact that for the lungs to*become damaged by means of silicon, a 
component of emery wheels, exposure has to be prolonged,—at least 12 to 15 
years. On the other hand, there was undoubtedly a preéxisting tuberculosis, 
so that it might have caused its reactivation in a much shorter period. This is 
an interesting and debatable case in which opinions might well differ. 


11: A clerk of forty-four, with pulmonary tuberculosis which had reached a 
fairly advanced stage without his knowing it, claimed that his work in a damp 
building as the head of a truck automobile department was the cause of his 
tuberculosis becoming active. In my opinion, his disease had followed its 
normal course with, in his case, a normal result so that there was no relation 
between his work and his illness. Here the tuberculosis arose “in the course 


of” but not “out of” his employment. 


12: A man of thirty with mild tuberculosis was engaged in packing and un- 


packing china in barrels filled with straw. He claimed that the dust he 
inhaled at this work was the cause of the reactivity of his tuberculosis. I 
investigated the premises personally, and quite agreed that there was an im- 
mense amount of irritating dust which tended to make one cough and sneeze. 
This is a border-line case, and I am rather inclined to feel that although the 
dust did not affect the lungs directly it might have been a factor in reacti- 


vating his tuberculosis. 


13: A man who had spent nine years as an emery-wheel-grinder, in April, 
1927, developed influenza after which his old tuberculosis became active. He 
claimed that it was the dust from his occupation as a grinder rather than the 
influenza which was the cause of his incapacity. His work was involved in 
making the newer forms of emery wheels in which pure silicon was not used, 
and accordingly the dust was infinitely less dangerous and irritating than if he 
had been exposed to the dust containing pure silicon as is the case of the 
granite-worker. I believed and testified to the effect that the duration of his 
work and its nature were not such as to be a factor in his case, and that it was the 
influenza which was the striking and chief cause in reactivating his tuberculosis. 


14: A woman, with chronic pulmonary tuberculosis of which she was unaware 
and which had caused her no symptoms in the slightest, when feeling perfectly 
well slipped on a banana-peel and fell. Curiously enough, after this she went 
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steadily down hill and became seriously sick. I feel that the fact that she was 
told she had tuberculosis played a certain part in this, and that eventually 
she would have developed an active process in her lungs regardless of any 
accident. On the other hand, no one can possibly deny the fact that the 
accident, slight as it was, might have been, and in this case apparently was the 
deciding factor in causing her tuberculosis, which had hitherto been latent, to 
become active. 


In this last group of 14 cases, in each one it is evident that the decision 
as to whether or not the tuberculosis constituted an “‘industrial accident,” 
arising ‘‘out of and in the course of” the employment, rested with the 
court or the industrial accident board before which the case was heard. 
Opinions as to granting compensation or not are bound to differ depend- 
ing on how the evidence is presented and on a strict or a liberal inter- 
pretation of the law. It is in such instances as these that a knowledge 
of the ultimate aims and objects of our compensation laws will be of great 
help to the physician called upon to testify. I hope that in this discus- 
sion I have made it easier for the medical profession to obtain such in- 
formation concerning a subject that is bound to become of increasing 
importance. 
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THE TUBERCULOSIS PROBLEM IN THE UNITED 
STATES VETERANS BUREAU»? 


PHILIP B. MATZ 


The United States Veterans Bureau by an Act of Congress was es- 
tablished on August 9, 1921. In this Act, Congress made the Director 
of the U. S. Veterans Bureau responsible for the proper examination, 
hospitalization, dispensary care, convalescent- and after-care, and such 
other services as might be necessary to rehabilitate the disabled ex- 
service men. 

For that purpose he was authorized, at the direction of the President 
or with the approval of the head of the department concerned, to 
utilize the existing hospital facilities of the United States Public Health 
Service, War Department, Navy Department, Department of Interior, 
the National Homes for Disabled Volunteer Soldiers, and such other 
governmental facilities as might be made available, and as might be 
needed for the purposes set forth in the Act. 

Accordingly, on April 29, 1922, by Executive Order, the President 
permanently transferred to the U. S. Veterans Bureau a number of 
hospitals in which, under the jurisdiction of the Public Health Service, 
ill veterans of the World War were under treatment. Among these 
were 12 hospitals for the treatment of tuberculosis patients, with a bed- 
capacity of 6,891, and with a then existing patient-load of 4,948. These 
figures are incorporated in table 1. Two additional hospitals for the 
treatment of tuberculosis patients, with a bed-capacity of 385, were 
opened during May, 1922. 


ESTABLISHMENT OF THE MEDICAL SERVICE 


In order to carry out the intent of Congress of properly hospitalizing 
and treating the disabled ex-service men, there was established a 
Medical Service in Central Office, which is administered by a Medical 
Director. This physician has a staff of assistants who are specialists 


1 From the Research Subdivision, U. S. Veterans Bureau. 
? Published with the permission of the Medical Director of the U. S. Veterans Bureau. 
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in the various fields of medicine. He is also assisted by the Medical 
Council of the U. S.:-Veterans Bureau, which is composed of some of the 
foremost physicians in the United States. The Council meets periodi- 
cally at Washington for the purpose of considering various medical 
problems confronting the Bureau and advising the Medical Director on 
numerous perplexing medical questions which the U. S. Veterans Bureau 
has under consideration. 

It must be pointed out that the present medical administration of the 
U. S. Veterans Bureau was not evolved suddenly, but is the result of a 


TABLE 1 


The tuberculosis hospitals transferred from Public Health Service, the capacity of each, and the 
hos pital load at time of transfer 


TOTAL BED 


HOSPITAL CULOSIS 
PATIENTS PATIENTS CAPACITY 


. 24, Palo Alto, California 163 386 578 
. 26, Greenville, South Carolina 420 420 694 
. 27, Alexandria, Louisiana 473 ~ 518 518 
. 41, New Haven, Connecticut............. 445 486 
. 50, Whipple, Arizona 603 753 
. 51, Tucson, Arizona 186 244 
. 55, Ft. Bayard, New Mexico 775 1,091 
. 59, Tacoma, Washington 140 281 
. 60, Oteen, North Carolina 683 1,079 
. 64, Camp Kearney, California 319 495 
. 79, Outwood, Kentucky 28 28 226 
. 80, Ft. Lyon, Colorado 343 344 536 


4,578 | 4,948 | 6,981 


U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 
U.S. 


V. H. 
V. H. 
V. H. 
V. H. 
V. H. 
V. H. 
V. H. 
V. H. 
V. H. 
V. H. 
V. H. 


process of slow evolutionary changes which have been taking place during 
the past six years. These changes have been of a constructive nature 
and have resulted in decided benefit to the disabled ex-service men. 

It can be readily seen that in a medical organization such as that of 
the U. S. Veterans Bureau, which administers 51 hospitals, and 54 
dispensaries, it is neither possible nor advisable to effect rapid ad- 
ministrative medical changes. These are made after slow and careful 
study of the various problems as they arise. Qn account of this neces- 
sarily deliberate action on the part of the Medical Service, the Bureau 
has at times been criticized for apparent apathy. 
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TUBERCULOSIS MORBIDITY IN THE EX-SERVICE POPULATION 


For the purpose of estimating the morbidity incidence of tuberculosis 
in the ex-service population it becomes necessary to use the statistics of 
the nonmilitary population. There are, however, two U. S. Veterans 
Bureau figures which may be used in the calculation of the morbidity 
incidence. These are (1) the total number of deaths from tuberculosis 
during 1927 (2,745), and (2) the number of ex-service men on a com- 
pensation status due to active tuberculosis during 1927 (26,099). 

According to the experience of the Syracuse (New York) Department 
of Health, in a small series of 976 active tuberculosis cases the ratio of 
the number of deaths to the number of cases of active tuberculosis was 
1:8.4. According to the Framingham (Massachusetts) experience this 
ratio is 1:10. Haven Emerson, in a study of New York City tuberculosis 
statistics found the ratio to be 1:7. 

The Bureau figures, mentioned above, indicate that the ratio of the 
total deaths to the number of ex-service men with active tuberculosis in 
the U. S. Veterans Bureau is 1:9.5. This ratio may be used in the con- 
sideration of the morbidity to mortality of tuberculosis in the ex- 
service population, as it is a constant factor and shows the ratio of deaths 
to active tuberculosis within the age-group of the ex-service population. 
The average age of ex-service men is (in 1927) approximately 37 years, 
which places the majority of the ex-service population within the age 
group 30-40 years. 

According to the New York State statistics for 1926 the death-rate 
from tuberculosis is 127.4 per 100,000 population for males 30—40 years 
of age. If this ratio were applied to the living ex-service population of 
4,380,000, the mortality would be 5,580 per annum. 

If the ratio of mortality to morbidity from tuberculosis in the U. S. 
Veterans Bureau is 1:9.5, there are at the present time approximately 
53,010 ex-service men with active tuberculosis, which means a ratio of 
1.21 per 100. 


HOSPITAL AND COMPENSATION STATISTICS OF TUBERCULOSIS IN THE 
U. S. VETERANS BUREAU 


A review of table 2 shows the hospital load as well as the compensation 
load in the U. S. Veterans Bureau for the tuberculosis, neuropsychiatric, 
and general medical and surgical cases. It is noted that there were 
10,849 patients under hospitalization for tuberculosis in 1922, and 6,495 
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as being hospitalized in 1927. It appears, therefore, that there has been 
a gradual reduction of the tuberculosis-hospital load in the U. S. Veterans 
Bureau. 

It is believed that this reduction is due to (1) the increasing number 
of deaths among the moderately advanced and far-advanced cases of 
pulmonary tuberculosis under hospitalization in the U. S. Veterans 
Bureau since the World War, and (2) the discharge from hospitaliza- 
tion of tuberculous beneficiaries who have been under treatment and 
who have attained maximum benefit from hospitalization. 

A study of the tuberculosis-compensation load reveals the fact that 
there were 36,600 beneficiaries receiving compensation for tuberculosis 
in 1922. In 1927 this number had increased to 57,748, of which 31,649 


TABLE 2 


The hospital load and compensation load for tuberculosis, neuropsychiatric, and general medical 
and surgical cases, 1922-1927 


GENERAL MEDICAL AND 


TUBERCULOSIS NEUROPSYCHIATRIC SURGICAL 


TOTAL 


Hospital |Compensa-| Hospital | Compensa-| Hospital | Compensa-| Hospital | Compensa- 
load tion load load tion load load tion load load tion load 


1922 | 10,849 | 36,600 | 9,231 | 22,159] 6,789 | 115,265 | 26,869 | 174,024 
1923 | 9,577 | 41,551 | 9,194] 28,256] 4,840 | 113,283 | 23,611 | 183,090 
1924 | 8,082 | 39,099 | 9,461 | 32,103| 4,187 | 107,835 | 21,730 | 179,037 
1925 | 9,314 | 45,839 | 11,905 | 44,845 | 5,391 | 120,960] 26,610 | 211,644 
1926 | 7,308 | 48,150 | 12,220 | 49,773 | 5,387 | 128,561 | 24,915 | 226,484 
1927 | 6,495 | 57,748 | 12,466 | 52,665 | 6,004 | 133,198 | 24,965 | 243,614 


were receiving compensation for arrested tuberculous disease, while 
26,099 were being compensated for active tuberculosis. The reason for 
this great increase is due to the revisions of the various statutes affecting 
the compensation of tuberculous beneficiaries of the U. S. Veterans 
Bureau. These statutes have been revised considerably and include 
compensation for arrested tuberculous disease. 

This increasing tuberculosis-compensable load, together with the 
large number of the ex-service population with active tuberculosis who 
are entitled to institutional care, constitute potential hospital material. 


DISTRIBUTION OF STAGES OF PULMONARY TUBERCULOSIS IN THE U. S. 
VETERANS BUREAU AND IN CIVIL SANATORIA 


In a study (1) of the distribution of the stages of pulmonary tubercu- 
losis among a group of 7,353 hospitalized Bureau beneficiaries, it was 
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found that the incipient cases constituted 8 per cent of the total number, 
the moderately advanced 43 per cent, and the far-advanced 49 per cent 
(table 3). 

These may be compared with the statistics of Drolet (2), as set forth 
in the same table (table 3), giving the classification of 85,960 admissions 
to civil sanatoria. It is noted that in civil sanatoria 16 per cent of the 
tuberculosis patients admitted were of the incipient type, while in the 
U. S. Veterans Bureau they constitute but 8 per cent. In the civil 
sanatoria the moderately advanced tuberculosis patients constituted 34 
per cent of the total admissions, while in the U. S. Veterans Bureau they 
constitute 43 per cent. The percentage of far-advanced cases in the 


TABLE 3 


Distribution of the stages of pulmonary tuberculosis on admission to hospitals in the Veterans 
Bureau and in civil sanatoria 


CIVIL SANATORIA 


(REPORTED BY DROLET) VERER ANS BUREAU 


STAGE OF DISEASE 


Number Per cent Number Per cent 


Incipient 13,800 16 552 8 


Moderately advanced 28 ,900 34 3,200 43 
Far advanced 43 ,260 50 3,601 49 


85,960 100 7,353 100 


civil sanatoria (50) is comparable with this type of cases admitted to 
the U. S. Veterans Bureau (49). 

These statistics indicate that 92 per cent of the total number of 
tuberculosis patients under hospitalization in the U. S. Veterans Bureau 
are moderately advanced or far advanced, and that with increasing 
time more infirmary beds will be needed to cope with the numbers of 
patients in the advanced stages of the disease. 


HOSPITALIZATION OF TUBERCULOUS EX-SERVICE PATIENTS 


No class of disabled ex-service men deserves more careful considera- 
tion than does the tuberculous beneficiary. The nature of the disease 
from which he is suffering is such as to tax the skill and professional 
acumen of the Bureau physicians, so that maximum benefit may be 
obtained from the Bureau’s efforts to restore him to health. 

While the annual reports of the Bureau contain satisfactory statistical 
data showing the results obtained by the Medical Service in its hos- 


| 

| 

| 

| 

| 

| 

j 


TUBERCULOSIS IN U. S. VETERANS BUREAU 781 


pitalization activities, the figures are nevertheless not sufficiently con- 
vincing. With this thought in mind it was decided that a study should 
be made of the results of treatment of the tuberculous beneficiaries for 
the purpose of evaluating the efforts of the Medical Service of the Bureau 
in the hospitalization and care of these patients. It was thought that 
such a study might yield statistical data of value from both an ad- 
ministrative as well as from a medical standpoint. 

Table 4 shows the comparative results of the hospitalization of tubercu- 
lous beneficiaries of the U. S. Veterans Bureau and of civil sanatoria. 
It indicates the condition upon discharge of a series of 7,353 U. S. 
Veterans Bureau cases. These figures may be compared with those of 
Drolet who, as the result of a study of 89,368 cases discharged from 


TABLE 4 


Comparison of the results of the hospitalization of tuberculous beneficiaries in the Veterans 
Bureau and in civil sanatoria 


CIVIL SANATORIA 


(REPORTED BY DROLET) VETERANS BUREAU 


CONDITION UPON DISCHARGE 


Number Per cent Number Per cent 


Quiescent 280 3.8 
Improved 1,604 21.8 
Improved or quiescent 37 ,704 42.2 
Apparently arrested 12,940 14.5 804 
Arrested 398 
20,740 23.2 943 
17 ,984 20.1 3,324 


89,368 | 100.0 100.0 


various tuberculosis sanatoria throughout the country, found that 42.2 
per cent were improved or quiescent, 14.5 per cent apparently arrested, 
23.2 per cent unimproved, and 20.1 per cent dead. 

In comparing Drolet’s figures with those of the U. S. Veterans Bureau, 
attention is invited to the fact that only 8 per cent of the Bureau tuber- 
culosis admissions are incipient cases, while 16 per cent of the total 
admissions in civil sanatoria were of that class. The Bureau’s moder- 
ately advanced cases constitute 43 per cent of the total admissions, while 
in the civil sanatoria these cases constituted 34 per cent. These are 
important points to bear in mind in making comparative studies and in 
drawing conclusions. 

At the present time the various U. S. Veterans Bureau hospitals have 
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a bed capacity of 6,897 for the treatment of tuberculous beneficiaries. 
There are additional facilities for the treatment of tuberculosis patients 
in other Government institutions. Approximately 2,262 patients can 
be accommodated in the latter. The total tuberculosis-hospital load 
as of April 30, 1928, was 7,039. The disabled ex-service men obtain in 
these institutions the very best of treatment for the disease. The 
hospitals are of most modern construction, having the very latest 
scientific equipment for the diagnosis and treatment of the disease and 
its complications. The medical and nursing personnel are of a superior 
type. Why then is there a difference in the results of the Bureau as 
compared with those of civil institutions? The reasons will be brought 
out elsewhere in this paper. 


REACTIVATION 


A study made by the writer (3) of U. S. Veterans Bureau statistics on 
reactivation showed that, of a series of 5,473 tuberculous beneficiaries 
discharged from hospitalization as apparently arrested or arrested, 840, 
or 15 per cent, gave evidence of reactivation within one year of dis- 
charge. Furthermore, in reviewing the U. S. Veterans Bureau annual 
report for 1927, it is noted that, of a total of 16,731 admissions to 
hospitals for pulmonary tuberculosis, 5,358 were first admissions and 
11,373 were readmissions. These figures indicate that there are twice 
as many patients with pulmonary tuberculosis readmitted to hospitals 
as there are first admissions. A large number of these are patients with 
tuberculous disease which has become reactivated. 


RESULT OF TREATMENT AND PERIOD OF HOSPITALIZATION 


A study of table 5 relative to the period of hospitalization of tubercu- 
lous patients shows the following: 


Of 218 incipient cases who underwent complete hospitalization the average 
length of stay was 339.8 days. Of 256 incipient cases who were discharged 
following incomplete hospitalization the average length of stay was 369.2 days. 
Of 477 moderately advanced cases who underwent complete hospitalization 
the average length of stay was 561.1 days. Of 692 moderately advanced 
cases who were discharged following incomplete hospitalization the average 
length of stay was 670.6 days. 

Of 462 far-advanced cases who underwent complete hospitalization the 
average length of stay was 402.8 days; and of the 538 far-advanced cases who 
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were discharged following incomplete hospitalization, the average length of 
stay was 655.9 days. 


These figures show that the number of cases of tuberculous beneficiaries 
who underwent incomplete hospitalization was greater than the number 
undergoing complete hospitalization. It is an established fact that 
many of the tuberculosis patients, after remaining under hospital care 
for a certain period, become restless, long for a change of environment, 


TABLE 5 


Results of treatment of 2,643 patients with pulmonary tuberculosis showing type of tuberculosis 
on admission and average period of hospitalization 


TYPE OF PULMONARY TUBERCULOSIS ON ADMISSION 


Moderately 
advanced 
patients 


Far-advanced 


Incipient 
patients 


RESULT OF TREATMENT OR DISPOSITION patients 


Average Average Average 
Number days Number days Number days 


Complete Hospitalization: 
Arrested 77 | 352.5} 74] 618.1 640.5 
Apparently arrested 18 | 407.9 545.8 402.5 
Unimproved 15 | 359.7 465.1 492.2 

12 | 536.7 641.2 353.3 


339.8 561.1 402.8 


Incomplete Hospitalization: 
Out-patient, improved 393.7 608.9 636.8 
Out-patient, unimproved 275.9 846.6 630.7 
Left without permission, 256.5 516.8 501.0 


Disciplinary reasons 
Transfers and remaining 534.8 933.8 966.0 


369.2 670.6 655.9 
355.7|1,169 | 625.9]1,000 | 539.0 


and use every effort to obtain a discharge. The Bureau is cognizant of 
this tendency among tuberculosis patients, and provides ample recrea- 
tional, educational and occupational facilities in all of its institutions, 
so that, following a certain period of prescribed rest and as soon as it 
becomes evident that the tuberculous disease is quiescent or arrested, 
an attempt is made to stimulate the interest of the patient and induce 
him to remain under hospitalization and to continue uninterruptedly 
the treatment of the disease. 
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STAGE OF TUBERCULOUS DISEASE AND RESULTS OF TREATMENT 


Table 6 represents a compilation of the results of hospitalization of 
2,643 cases of pulmonary tuberculosis. This study shows that there 
were 474 cases admitted in the incipient stage, 1,169 in the moderately 
advanced stage, and 1,000 in the far-advanced stage. The hospital 
records of these cases were traced from the first contact in the U. S. 


TABLE 6 


Results of treatment of 2,643 patients with pulmonary tuberculosis by type of tuberculosis 
on admission 


TYPE OF PULMONARY TUBERCULOSIS ON ADMISSION 


Moderately 
advanced 
patients 


Far-advanced Total 


Incipient 
patients 


RESULT OF TREATMENT OR DISPOSITION patients 


Num-| Per | Num- Num-} Per | Num-| Per 
ber cent ber ber cent | ber cent 


Complete Hospitalization: 

Arrested 77 : 74 6. .2| 153) 5.8 
18 101 121} 4.6 
96 249} 9.4 
15 159} 6.0. 
12 : 475) 18.0 


218 ; 43.8 


Incomplete Hospitalization: 
Out-patient, improved 15 
Out-patient, unimproved............| 10 
Left without 

permission, 
Against medical| Improved......... : i 14.0 

advice, Unimproved 51 17.9 
Disciplinary 

reasons 
Transfers and remaining............| 79 | 16.7; 248) 21.2 ; 20.4 


256 | 54.1) 692} 59.1 53.8)1,486) 56.2 


474 |100.0)1,169 100.0)1,000 100.0 2 ,643)100.0 


Veterans Bureau until after the patients had been discharged or had 
died. When the hospitalization was incomplete, the character of the 
discharge was recorded. 

Of the 474 incipient cases admitted for hospitalization, 218, or 45.9 
per cent, underwent complete hospitalization; 256, or 54.1 per cent, were 
discharged following incomplete hospitalization; 152 left without per- 


ao 
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mission, or were discharged against medical advice or for disciplinary 
reasons; of this number, 101 were improved following incomplete hos- 
pitalization, and 51 were unimproved. 

Of the 218 cases who underwent complete hospitalization, 77 were 
discharged as arrested; 18 were apparently arrested; 96 were improved; 
15 were unimproved; and 12 died. 

One thousand, one hundred and sixty-nine moderately advanced cases 
were admitted for hospitalization, and of this number, 477, or 40.9 
per cent, were discharged after undergoing complete hospitalization; 
692, or 59.1 per cent, were discharged following incomplete hospitaliza- 
tion; and, of this latter number, 398 left without permission, were dis- 
charged against medical advice or for disciplinary reasons; of this 
number, 179 were improved following incomplete hospitalization and 
219 were unimproved. 

Of 477 patients with moderately advanced tuberculosis who had under- 
gone complete hospitalization, 74 were discharged as arrested; 101 as 
apparently arrested; 126 as improved; 66 as unimproved; and 110 died. 

Of 1,000 cases of pulmonary tuberculosis in the far-advanced stage 
admitted for hospital treatnient in the U. S. Veterans Bureau, 462, or 
46.2 per cent underwent complete hospitalization; 538, or 53.8 per cent, 
were discharged following incomplete hospitalization; and, of this 
latter number, 293 left without permission, or were discharged against 
medical advice or for disciplinary reasons. 

Of 462 cases who underwent complete hospitalization, 2 were dis- 
charged as arrested; 2 as apparently arrested; 27 as improved; 78 
as unimproved; and 353 died. 


EFFECT OF NUMEROUS INCOMPLETE HOSPITALIZATIONS ON THE TREATMENT 
OF TUBERCULOSIS 


Regulations of the Bureau relative to hospitalization are quite lenient, 
so that it is possible for tuberculosis patients to leave the hospital while 
undergoing treatment, and return subsequently for further treatment. 
Such promiscuous hospital discharges and admissions interfere with the 
proper treatment and rehabilitation of the tuberculous beneficiaries. 
To what extent this practice exists may be learned by reviewing tables 
7,8 and 9. 

Table 7 shows that in 474 incipient cases of pulmonary tuberculosis 
treated in Bureau hospitals the average length of stay was 355.7 days. 
Of this number, 60.13 per cent underwent one or two hospitalizations, 


of 3 
re 

ly 

al 
t 
4 
5 
0 


786 PHILIP B. MATZ 


TABLE 7 


Showing the results of treatment, the average periods of hospitalization, and the number of hos pital 
episodes of 474 beneficiaries admitted to U. S. Veterans Bureau hospitals with 
incipient tuberculosis 


NUMBER OF HOSPITALIZAT 
NUMBER 


RESULT OF TREATMENT OR DISPOSITION PA- 


1 or2|3o0r4| 5 to7 |8 to 10 


Complete Hospitalization: 
Arrested 77 
Apparently arrested 18 
Improved 96 
Unimproved 15 

i 12 


Incomplete Hospitalization: 
Out-patient, improved 15 
Out-patient, unimproved 10 
Left without 
Against medical advice, 
Disciplinary reasons 
Transfers and remaining 79 


474 


Improved.... 


Unimproved..| 51 


TABLE 8 
Showing the results of treatment, the average periods of hospitalization, and the number of 
hospital episodes of 1,169 beneficiaries admitted to U. S. Veterans Bureau hospitals with 
moderately advanced tuberculosis 


NUMBER OF HOSPITALIZATIONS 


RESULT OF TREATMENT OR DISPOSITION 
11 to| 16 to 
1 or 2/3 or 4/5 to7 10 | 15 24 


Complete Hospitalization: 
Arrested 


Incomplete Hospitalization: 
Out-patient, improved 
Out-patient, unimproved 
Left without permission, 
Against medical advice, 
Disciplinary reasons 
Transfers and remaining 


Unimproved.. . 


352.5, 59| 9 8 1 
307.9) 3 3 
289.4, 57 | 27 | 11 1 
359.7) 4 7 3 
23.7 2 1 
275.9) 9] 1 
265.5} 83} 8 8 2 
374.0; 12 | 22 | 10 5 2 
534.8} 40] 13 | 19 3 
NuMBER | AVER- 
74 | 618.1) 23 | 20} 4] 1 
Apparently 101 | 545.8) 44 | 36/15] 5] 1 
| Improved. 179 | 516.8| 49 | 68 | 44/13 | 2] 3 
219 | 496.1) 53 | 85 | 61] 11) 8] 1 
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19.62 per cent three or four hospitalizations, 15.40 per cent five to seven 
hospitalizations, 3.80 per cent eight to ten hospitalizations, and 1.05 per 
cent eleven to fifteen hospitalizations. 

Table 8 indicates that of 1,169 moderately advanced cases of pul- 
monary tuberculosis, the average hospital stay was 625.9 days. Twenty- 
two and twenty-four hundredths per cent underwent one or two hospitali- 
zations, 35.42 per cent three or four hospitalizations, 29.17 per cent 
five to seven hospitalizations, 8.81 per cent eight to ten hospitalizations, 


TABLE 9 


Showing the results of treatment, the average periods of hospitalization, and the number of 
hospital episodes of 1,000 beneficiaries admitted to U. S. Veterans Bureau hospitals 
with far-advanced tuberculosis 


NUMBER OF HOSPITALIZATIONS 
NUMBER 


RESULT OF TREATMENT OR DISPOSITION PA- “ 
TIENTS to | 11 to} 16 to 
1 or 2/3 or 4/5 to7 10 15 24 


Complete Hospitalization: 
Arrested 
Apparently arrested 
Improved 
Unimproved 


Incomplete Hospitalization: 
Out-patient, improved 
Out-patient, unimproved 
Left without permission, 
Against medical advice, 
Disciplinary reasons 
Transfers and remaining oe 3 


Unimproved.. . 


1,000 .0| 506255 |167 


3.68 per cent eleven to fifteen hospitalizations, and 0.68 per cent sixteen 
to twenty-four hospitalizations. 

Table 9 shows that of 1,000 far-advanced cases of pulmonary tubercu- 
losis, the average length of hospital stay was 539.0 days. Fifty and 
six-tenths per cent underwent one or two hospitalizations, 25.5 per 
cent three or four hospitalizations, 16.7 per cent five to seven hospitaliza- 
tions, 4.8 per cent eight to ten hospitalizations, 1.9 per cent eleven to 
fifteen hospitalizations, and 0.5 per cent sixteen to twenty-four hospi- 
talizations. 

These data indicate that a large number of tuberculous ex-service 
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men in need of continuous hospital care were certainly not taking ad- 
vantage of the Bureau’s effort to properly and effectively treat the 
tuberculous disease and rehabilitate them so that they might attain 
maximum benefit from the same. It would appear that such action on 
the part of the tuberculosis patients tends to hamper the excellent 
hospital regimen prescribed by the Medical Service in the treatment of 
this disease, and offsets a large amount of good which the Bureau might 
otherwise have accomplished. 

How best to overcome this practice is not known. It is not believed 
that anything good can come from legislation which requires com- 
pulsory hospitalization, nor would it seem practicable to prohibit such 
patients reéntering hospitals after having been discharged, inasmuch 
as such action might be to their detriment and might interfere with the 
final arrest of the tuberculous disease. It is thought that a good deal 
can be accomplished by a system of education of the patient and his 
family, as well as by measures of moral persuasion. 

The Bureau has introduced a system of lectures by physicians to the 
patient body. These lectures are given in the various wards by the 
Ward Surgeons and an attempt is made to teach the patients the nature 
of tuberculosis and how best to combat it. 

The Bureau, through the instrumentality of its social workers, at- 
tempts to educate the families of tuberculosis patients in the principles 
of hygiene and sanitation and how best to prevent the tuberculous 
disease from spreading to other members of the patient’s family. 


COMPENSATION FOR TUBERCULOSIS 


The rating of disabilities resulting from disease based on the degree of 
occupational handicap, in order to estimate the amount of compensa- 
tion to be paid U. S. Veterans Bureau claimants in compliance with 
Section 202 (4) of the World War Veterans Act, is based on a schedule 
(4) prepared by the Medical Service. This schedule, as finally drawn 
up, consists of a combination of two extended tables. One table lists 
over 1,000 selected occupations. Opposite each occupation appear 
seventeen variants, representing various parts of the body, indicating 
estimates of the relative functional importance of the bodily part con- 
cerned with respect to the occupation in question. The other table, 
developed by a medical expert, evaluates approximately 1,600 dis- 
abilities with nine separate ratings on each, depending on the occupa- 
tional importance of the bodily parts as evaluated in the first table. 
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The principle upon which the schedule is based is that compensation 
is payable, not on account of disease or injury, but in accordance with 
the extent of the occupational handicap resulting from such disease or 
injury. Consideration is also given to the general reduction in employ- 
ability resulting from the disease and the fact that a change of occupa- 
tion, together with the disability compensation, would equal or even 
exceed the average preénlistment earnings of the occupational group 
to which the claimant belongs. 

In carrying out the provisions of the new rating schedule, it was found 
that, in the case of a large number of claimants whose compensation 
status had been terminated and who were reéxamined and rerated, 
almost 25 per cent were replaced on a compensation status. 

A study of the statistics shows that there has been an increase in the 
average monthly compensation for tuberculosis. This increase, it is 
believed, is due to the rating in accordance with the revised schedule 
of payments. There has also been an increase in the number of awards 
made. This is due to the more generous provisions of the new rating 
schedule, as well as to the liberalizing features of the amendment of the 
World War Veterans Act providing for an extension of the time for 
the filing of claims as well as for an extension of time for submitting 
new evidence. 

Furthermore, the increase in the number of compensable beneficiaries 
suffering from tuberculosis as well as the increase in the average monthly 
compensation paid all tuberculous beneficiaries is, in part, due to the 
provisions of the rating schedule allowing cases of arrested pulmonary 
tuberculosis a monthly compensation of $50.00. A great many tuber- 
culous beneficiaries, who had previously been rated at less than 10 per 
cent, have been placed on an active status in accordance with the 
revised regulations of the U. S. Veterans Bureau. 

It is interesting to note that, on account of the newly established policy 
of the Bureau, placing as many beneficiaries on a permanent compensa- 
tion status as is possible, there has resulted a decrease in the number 
of temporary-partial and temporary-total cases. This has, in turn, 
yielded an increase in the number of cases rated as permanent-partial 
and permanent-total. 

The number of active compensable cases for tuberculosis as of March 
31, 1928, is 60,386. The total number of active compensable cases for 
all diseases is 253,297. The tuberculous beneficiaries, therefore, con- 
stitute approximately 23 per cent of the total compensable load. 
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The total amount of monthly compensation paid by the Bureau to 
these tuberculous beneficiaries is $3,923,063.00, or an average com- 
pensation of $64.97 per month. The total annual outlay of the Govern- 
ment for the compensation of tuberculous ex-service men and women 
approximates $47,076,756.00. 

Of the total number of 60,386 beneficiaries on an active compen- 
sable status, 4,595 are on a temporary-partial status and the average 
monthly compensation of this class of beneficiaries is $62.06. 

Thirty-seven thousand, five hundred and forty-three beneficiaries are 
on a permanent-partial status, the total compensation paid these 
claimants being $1,842,286.00 per month. The average monthly com- 
pensation is $49.07. 

Seven thousand, one hundred and fifty-eight beneficiaries are on a 
temporary-total status. The total monthly outlay for the compensation 
of these beneficiaries is $651,456.00, or an average monthly compensa- 
tion of $91.01. 

The number of tuberculous beneficiaries on a permanent-total status 
is 11,080. The total monthly outlay for compensation is $1,141,839.00, 
or an average monthly compensation of $103.05. 

There were 10 beneficiaries on a double permanent-total compensa- 
tion status at a total monthly cost of $2,300.00, or an average monthly 
compensation of $230.00. 

It is interesting to note that the total number of active compensable 
tuberculous cases has increased since 1922, during which year there 
were 36,600 cases on the compensation rolls. The number of active 
compensable tuberculous beneficiaries has increased to 60,386 as of 
March 31, 1928. 


SUMMARY AND CONCLUSIONS 5 


1. It has been estimated by the Medical Service that, of a total living 
ex-service population of 4,380,000, the approximate mortality from 
tuberculosis is 5,580 per annum. It has also been estimated that the 
ratio of tuberculosis mortality to tuberculosis morbidity is 1:9.5. 
Accordingly, there are at the present time approximately 53,010 cases 
of tuberculosis of all forms among the ex-service population, which 
means a morbidity ratio of 1.21 per 100. 

2. In view of the fact that all tuberculous ex-service men are eligible 
to hospitalization by the U. S. Veterans Bureau, it would seem that the 
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large number of ex-service men with active tuberculosis, together with 
the number having arrested tuberculosis who are likely to become 
active, constitute potential hospital material. It is therefore believed 
by the Medical Service that the problem of the hospitalization of 
tuberculous ex-service men will continue to play an important part in 
the activities of the Medical Service of the U. S. Veterans Bureau for a 
number of years to come. 

3. Inasmuch as the results of treatment depend to a considerable ex- 
tent upon the stage of disease at the time of admission to the hospital, 
the small percentage of incipient cases and the large percentage of 
moderately advanced and far-advanced cases admitted to the Bureau 
institutions would explain in part the differences in the results obtained 
in the hospitalization of tuberculosis patients of the Bureau as compared 
with those of civilian institutions. There is another reason, particu- 
larly for the larger mortality rate in Bureau hospitals as compared with 
civil sanatoria: this is that the Bureau is obliged to hospitalize any 
tuberculous ex-service man who applies for, and is in need of hospitaliza- 
tion. A great many of the patients admitted for treatment in the 
Bureau institutions are terminal cases, and die soon after entrance. 
These cases are in a large measure responsible for the high mortality 
rate from tuberculosis in the Bureau hospitals. 

4. It has been the observation and experience of the Medical Service 
that, at the particular stage of tuberculous disease when rest is most 
essential, many of the patients become noncodperative, are prone to 
abuse rest hours, resort to excessive activity while absent on leave, or 
curtail their hospital residence. These, it is believed, are additional 
reasons why the results of treatment of tuberculous disease in the U. S. 
Veterans Bureau are not quite as favorable as those in civil sanatoria. 

5. The Bureau statistics indicate that 20 per cent of the tuberculous 
beneficiaries, discharged from hospitalization as apparently arrested or 
arrested, gave evidence of reactivation; 75 per cent of this number 
showed evidence of activity within one year after discharge. This 
accounts in part for the large number of readmissions to U. S. Veterans 
hospitals, as shown in the 1927 statistics of the Bureau. The latter 
indicate that there were twice as many readmissions as there were first 
admissions for pulmonary tuberculosis. 

6. A study of Bureau statistics shows that while the hospital load of 
tuberculosis patients has decreased since 1922, the compensation load 
has nevertheless materially increased. 
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7. It is noted that the type of tuberculosis patients now being ad- 
mitted to the Bureau hospitals is changing; by this it is meant that at 
the present time more far-advanced cases are being admitted than were 
admitted in previous years, some of these being in the terminal stages. 
If this continues, the hospital facilities for infirmary beds will have to 
be increased. 

8. A study of the relationship of the period of hospitalization to the 
stage of tuberculous disease shows that the more advanced the stage 
the longer was the hospitalization period, except in cases in which there 
was unimprovement during the hospital stay, in which patients were 
transferred to their homes for treatment, or in which death took place 
during the hospital residence. 

9. A study was made of a large group of Bureau patients for the pur- 
pose of ascertaining the effect on the tuberculous condition of incomplete 
and numerous hospitalizations. This study showed that frequent and 
incomplete hospitalizations offset, to a considerable extent, the large 
amount of good which usually follows continuous hospital residence. 
It is difficult to determine how best to overcome the tendency of pa- 
tients to curtail their hospital residence and resort to frequent and short 
periods of treatment. The Bureau is endeavoring to impress upon the 
tuberculous beneficiaries and their families the importance of continuous 
hospitalization, of the good results from such a regimen, and of the ill 
effects resulting from numerous incomplete and short hospital residences. 

10. Bureau statistics show that there were 60,386 beneficiaries re- 
ceiving compensation for tuberculosis as of March 31, 1928. These 
constituted 23 per cent of the total compensable load. The total annual 
outlay for the compensation of tuberculous ex-service men and women 
approximates $47,076,756.00. This is equivalent to an average monthly 
compensation of $64.97. Of the total number of 60,386 compensable 
beneficiaries, 4,595 are on a temporary-partial status, 37,543 on a 
permanent-partial status, 7,158 on a temporary-total status, and 11,080 
on a permanent-total status. It is interesting to note that the number 
of compensable tuberculous cases has increased from 36,600 in 1922 to 
57,748 in 1927. The latest figures on compensation for tuberculosis, 
which is of March 31, 1928, indicate that there are 60,386 tuberculous 
ex-Service men on a compensation status. 


It is desired to acknowledge the assistance rendered in this study by the Evaluation 
Division of Central Ojice. 
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THE EVOLUTION OF THE MODERN TREATMENT OF 
PULMONARY TUBERCULOSIS! 


CHARLES L. MINOR 


In the treatment of disease there is always occurring an ebb and flow 
in the tide of medical opinion, and out of this is finally evolved the 
accepted standard of practice. 

I would ask your attention to-day to a resumé of this evolution in so 
far as it affects the treatment of pulmonary tuberculosis. 

Much of the therapeutic teaching of any period is discarded in thirty 
or forty years as not standing the test of experience or not having a 
reliable scientific foundation, and much of our present-day treatment, 
we may be sure, will go on the scrap-heap in the future; yet out of the 
kaleidoscopic array of remedies and measures there emerges now and 
again one so well founded and so successful that it becomes a permanent 
addition to our armamentarium. Thus, step by step, and often with 
many backward steps, has evolved the modern treatment of pulmonary 
tuberculosis. Looking over the ground, we see that up to the time of 
Laennec, in the third decade of the last century, there was little, if any- 
thing, of the prevailing treatment which we should care to preserve; 
and the foundation for the evolution of which I am speaking can be said 
to have been laid by his work. 

That no intelligent treatment had been developed up to that time is 
natural enough, since there was no thorough knowledge of the pathology 
of the disease on which to found a reliable diagnosis and a purposeful 
treatment. 

When however Laennec, one of the greatest minds that medicine has 
ever produced, in the eighteen-twenties elucidated its pathology at the 
autopsy table, and at the bedside showed the profession, by his discovery 
of auscultation and the building up of the art of physical examination, 
how to make a diagnosis, the eventual development of a rational treat- 
ment was assured. 

The profession did not have to wait long for the advance to begin. 

1 Presented at the annual meeting of the American College of Physicians, New Orleans, 
Louisiana, March 6, 1928. 
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Brilliant minds, stimulated by Laennec’s work, were eagerly studying the 
tuberculosis problem; and in the fifties the first fundamental step toward 
a rational therapy was taken when Hermann Brehmer at Goerbersdorf 
evolved the hygienic, dietetic and sanatorium treatment which will 
always be connected with hisname. That his method at first had many 
faults does not detract from the honor we owe him, and, when developed 
and corrected by his brilliant pupil, Dettweiler at Falkenstein, it became 
the basis of our modern treatment, and I think we are too prone to 
forget the great debt we owe these two pioneers. Thus, by the sixties 
and seventies there began to be a rational and successful treatment 
carried out in sanatoria in Germany, if not elsewhere, and yielding 
hitherto unheard-of results. However, as is usual in our profession, it 
took years before the method was generally recognized and applied, 
largely for lack of sanatoria. Yet, while the knowledge of tuberculosis 
was increasing enormously, the problem of its aetiology was still un- 
settled, and without a knowledge of the cause of a disease its treatment 
is always handicapped. 

True, in 1865 Villemin had demonstrated its infectiousness but not 
the microdrganism, but when Pasteur in the seventies laid the founda- 
tions of bacteriology the time was ripe for the solution of the problem. 
When a problem is ripe a man usually appears who can solve it, and in 
1882 the medical world was astonished when Robert Koch announced 
and demonstrated the discovery of the Bacillus tuberculosis. The time 
seemed ready for the solution of the question of treatment along specific 
lines. Accordingly, continuing his researches, Koch before long offered 
the world, which for millennia had suffered so cruelly from this scourge, 
a new remedy, Tuberculin, resting on careful reasoning and scientific 
research, and apparently verified by thorough experimental work. 

The profession, and indeed the whole world, eagerly grasped at this 
long-awaited specific, which was to solve the therapeutic problem and to 
cure formerly hopeless cases out of hand. It was met by an enthusiasm 
which it is hard to realize to-day. Those of us who are old enough can 
recall the breathless excitement with which the promise of such a 
remedy was greeted everywhere. Well do I remember how, as house 
officer in St. Luke’s Hospital, New York, I saw that fine clinician and 
acute diagnostician, Francis P. Kinnicutt, almost reverently open the 
first packet to reach New York from Germany. What hopes filled our 
hearts! That was nearly forty years ago, yet to-day the question of its 
value and the indications for its use are still subjects for debate and still 
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unsettled, and tuberculin cannot as yet be ranked as a permanent addi- 
tion to our therapeusis in pulmonary tuberculosis, though some men still 
cling to it. 

Used at first in dangerously large doses and not fully understood, the 
early results were anything but encouraging; and when the reports from 
Virchow’s autopsy table began to come in, with their tales of inflamma- 
tion of tuberculous tissue and generalization of the process, there was a 
strong reaction from the earlier enthusiasm which almost stopped its 
use. However, much careful work, chiefly by Petruschky, developed a 
better method of dosage and application, which opened a long period, 
lasting through the first decade of this century, when it was in very 
general use. But, though all who have applied it have recognized its 
latent possibilities and have seen some brilliant cures, clear indications 
for its use in pulmonary tuberculosis have not yet been worked out, and 
while, as I said, a few still have confidence in it, the consensus of feeling 
among special workers is that, in spite of its value in certain other forms 
of tuberculosis, in pulmonary tuberculosis, save in a few selected cases, 
it is a disappointing and at times a dangerous remedy. While it is still 
being studied, and while we all hope that some successful modification 
of it will be discovered, tuberculin for pulmonary tuberculosis is for the 
present in eclipse. However, though it cannot, I believe, be as yet recog- 
nized as one of the permanent additions to our therapeutics, it has served 
as a splendid stimulus to the scientific study of the tuberculosis problem 
and has thus been indirectly of immense value. Many sera and vaccines, 
of which I would mention only those of Marmorek and Maragliano, have 
been strongly advocated, but none has been able to hold the field or to win 
a permanent place in the profession’s confidence. However, I cannot 
fail to mention the recent distinguished work of Calmette on BCG for 
the immunization of infants. Backed up by his great repute as a 
scientist and an honest man, and by a very large series of cases in France 
and in the Latin countries, it may well be that it will be proved to offer 
us a solution of the problem of the immunization of infants. But 
physicians in other countries have naturally been very cautious in 
feeding live, even if attenuated, bacilli to babies, and, however good the 
results, we shall have to wait until these apparently immunized babies 
grow up before we can be sure of success. At present it can only be 
called a very promising investigation on a large scale by an able and 
honest man which calls for further study. 

While the line of investigation opened up by Koch, which we hoped 
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would carry the evolution of treatment further, has disappointed us, there 
developed just about the same time in Italy what has proved to be one 
of the most brilliant advances ever made in phthisiotherapy. I refer 
to Forlanini’s artificial pneumothorax. I say Forlanini’s, for he un- 
questionably deserves the credit as the real pioneer and developer of this 
treatment, and his name should be connected with it just as much as that 
of a surgeon with a special operation which he has perfected, or that of a 
physician with a disease whose secrets he has uncovered. First brought 
out in 1884 the profession, as usual, was slow to give attention to it or 
adopt it, though Murphy of Chicago in the early nineties did excellent 
original work on it. However, it was chiefly brought to public attention 
and developed in Germany, Sweden and Denmark, and it was not until 
1910 that it began to be practised in this country. To-day it is uni- 
versally recognized as a valuable and reliable procedure, and has given 
us results undreamed of before in a certain class of severe cases, and has 
become an essential measure in the cure of tuberculosis, and a permanent 
addition to our treatment. But there were many cases, in which, either 
on account of adhesions, or for other reasons, pneumothorax had failed 
or had not been applicable, and in which the physician, feeling his 
helplessness, longed to do something more for his apparently hopeless 
cases. In science, even as in business, demand creates supply, and about 
the end of the last century surgeons, led at first by Tuffier in France and 
later in Germany by many able workers among whom Sauerbruch stands 
preéminent, began to develop pulmonary surgery. This has most 
brilliantly met the need of these cases. After much experimental work 
with various operations and indications we have, in thoracoplasty, 
apicolysis, phrenicotomy, and phrenicoexairesis, well-planned measures 
with a moderate mortality, which have added to the list of curable cases 
a further number of hitherto utterly hopeless patients. These opera- 
tions form a further permanent addition to our means of curing tuber- 
culosis, and have made the doctors’ task much less difficult and heart- 
rending. 

During all these years drugs, which were at first a recognized part of 
the therapeutics of tuberculosis, have been steadily losing ground, save 
as adjuvants or as symptomatic remedies, when they can be invaluable 
and about which the modern doctor knows much too little. However, 
as cures for pulmonary tuberculosis they are no longer used with the 
enthusiasm and faith which once marked the profession’s attitude to 
them. No doctor would to-day claim that he could cure tuberculosis 


798 ; CHARLES L. MINOR 


by any drug, but rather only that he could benefit the patient by the 
use of certain drugs. LEhrlich’s brilliant work on the chemotherapy of 
syphilis has made the profession hope that some patient experimental 
chemist will yet open for us the door to a specific cure, and when 
Moellgaard quite recently made such a claim for sanocrysin the profes- 
sion hoped again, but is already disillusionized. 

Another remedy, which has had many centuries or possibly millennia 
of unsystematic usage behind it, and which has lately been brought back 
to popularity by Rollier in Leysin, is heliotherapy. While certain 
doctors, some of Rollier’s assistants, and the workers at Perrysburg 
use it in cases of pulmonary tuberculosis, Rollier himself told me last 
year that he did not advocate it in pulmonary cases, and most men con- 
sider that it is likely to activate sleeping troubleand do harm. However, 
its results -in surgical and lymph-node tuberculosis such as you see at 
Leysin, are some of the most brilliant that I have ever seen in therapeutics 
and it is to be hoped that workers with this measure will be able to 
demonstrate its applicability as a builder of tissue resistance, and a 
fortifier of the constitution, not merely in surgical but also in pulmonary 
tuberculosis. Certainly I have never seen such splendid vitality in 
tuberculous people as is seen in Rollier’s patients. Their skin is almost 
bursting with health and blood, and a comparison of the patients who 
have been there already some time, with their superb appearance of 
health, their color, their nourishment, their cheerfulness, with the new 
patients recently come in, with their appearance of sickness, their sad 
faces, their bad nutrition and pallor, and their general look of bad 
resistance, is astonishing, and I would give all I have if I felt I could use 
it in my pulmonary cases as Rollier does in his surgical ones. Whether 
the sunlight itself or the mere exposure to the fresh cold air, or some other 
factor is the chief thing in the results, is not yet settled. Certainly at 
Perrysburg, where sun is more often lacking than not, the results are 
excellent, and much more work must be done on this question before 
it is settled, but there is no fear that so powerful a modality will ever be 
abandoned. Further, in the quartz light we have an easy means of 
getting many of the effects of the sunlight indoors, if the wind outdoors 
is too strong, and in tuberculous enteritis especially it is yielding us 
results such as we never hoped could be possible. 

Older probably than any other treatment, climate has been relied on 
in pulmonary tuberculosis for endless years. Once unduly vaunted and 
expected to work miracles, which it often did, the failure to use it with 
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intelligent care justified Osler’s wise dictum that ‘care without climate is 
better than climate without care;”’ and this abuse of a valuable measure 
is responsible for its being unduly disregarded to-day. However, it has 
too many centuries of good clinical results to its credit to need to apolo- 
gize for itself. Foolishly overpraised and blindly trusted in the past, it 
is paying for this by the underpraise and distrust of many to-day; 
but it remains, when wisely chosen and well applied, one of our very best 
aids in restoring that deficient tissue resistance of the tuberculous patient, 
which is the chief aim of all treatment. After watching its effects for 
many years in many patients, and, best of all, after actually feeling it in 
myself, I am sure that self-interest is not clouding my judgment when I 
assert that so valuable a means of restoring the fighting power of the 
body depleted by the toxins of the tubercle bacillus will never be aban- 
doned, though we shall doubtless go through recurrent eras of scepticism 
and overenthusiasm on the subject. When I see numbers of able and 
honest clinicians who, living permanently in favorable climates, have been 
deeply impressed, as they all are with its value to their patients or them- 
selves, I realize that the theoretical arguments of those who, in our big’ 
cities decide by reasoning that climate is of no use, lack the first essential 
for forming a justified opinion, namely, personal experience. While I 
have always decried the overenthusiasm of those who would put climate 
ahead of anything, I cannot reject the evidence that I have collected 
through long years, which proves to me that, granted proper conditions, 
our results in the treatment of pulmonary tuberculosis can be enor- 
mously improved, and that many otherwise hopeless cases may be saved 
when they can add properly applied climatic care to their treatment. 

There is another element which is essential in the treatment of pul- 
monary tuberculosis. I refer to psychotherapy. Although we doctors 
frequently neglect the psychology of our patients we all of us recognize 
its importance. The patient is not merely a body to be treated, but a 
mind and soul, whose condition deeply influences the body to be rebuilt 
or fortified, for the patient’s mentality often dominates the whole case. 
However, I think this is so well understood by the profession that it is 
enough to mention it, even though I may return to it later. 

Of all the elements in the treatment of tuberculosis which I have thus 
briefly mentioned, there is one which must always take the first place 
whatever other methods are used in connection withit. Irefer, of course, 
to the hygienic and dietetic treatment; and out of this method, so clearly 
laid down by its founders, and latterly so carefully studied in our sana- 
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toria, there has slowly evolved the central idea of rest as the most impor- 
tant feature in the treatment of this disease. We have, as I have shown 
you, other invaluable methods which will never be given up, but, 
whatever their value, rest at least in the beginning and more or less 
during the whole course of treatment is the most essential of them all, 
and though its application may undergo certain modifications it will 
always be our chief reliance even if a specific should be discovered. The 
development of the use of rest dates back to Dettweiler’s work at Falken- 
stein and its general adoption has been due to the spread of sanatoria, for 
they were the laboratories where the hygienic and dietetic treatment 
could be applied, studied, tested, and developed. Here daily clinical 
experience taught the profession what wonderful cures could at times be 
wrought in desperate cases by strict bed-rest. Hence our profession 
began to use it more and more, first tentatively, then enthusiastically, 
and to-day not a few excessively, so that we no longer need to urge its 
use, but rather to warn against its possible abuse. 

We doctors are prone to go to extremes with every new treatment, and 
it is natural that some have pushed rest too far, but while there are many 
real dangers in the abuse of rest they are not as great as the dangers of 
the abuse of exercise which was once common. The patient who has 
been kept at bed-rest for years suffers in his morale and in his outlook 
on life, his ego becomes exaggerated, and often his future usefulness is 
seriously impaired, if not ruined, and he is made into a hypochondriac. 
These are bad things and an indictment of the doctor, but exercise for a 
patient with active trouble and with or without fever is far more danger- 
ous, and may cause a dissemination whose results on his health and even 
life can be disastrous; hence in every case, unless indeed it be the most 
incipient, there is a time for more or less complete rest. 

Later there comes a time when exercise must be begun and increased, 
and it takes skill and experience to know when this time is; indeed it 
takes more skill to use exercise rightly and wisely than to put a patient 
to bed and keep him there, and when you put him to bed it takes much 
knowledge of human nature to keep his mental attitude sane and healthy. 
Thus the crux of the situation is the proper use of those two things, rest 
and exercise; and long ago Brown of Saranac Lake excellently stated the 
safe rule when he said, ‘‘Exercise short of the point of fatigue.” Krause, 
in his booklet, Rest, has put the whole matter excellently in the following 
words: “Always keeping below the point of fatigue,—is all that there is 
to the matter of rest in the therapy of tuberculosis; . . . . All other 
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measures ever advocated in its treatment will not begin to counter- 
balance the violation of this single rule of rest and exercise—never 
become tired, or if tired, rest, and rest until completely refreshed.” 
This is not the place to go into the details of the rest-treatment, but I 
would only say that in deciding when to use bed-rest and how long to 
continue it and how absolute to make it, when to graduate the patient to 
a proper reclining chair, when to begin exercise and how to increase it, 
we should not, as is too often the tendency, use the temperature as our 
chief guide. Temperature, pulse, cough, expectoration, mental attitude, 
nervous condition, physical signs and X-ray plates must all be taken into 
careful consideration. Some afebrile cases with good symptoms will yet 
show signs of too much activity in the lungs or shadows of an exudative 
process on the plates, and will need prolonged rest till these show a 
distinct tendency to clear up, however good the patient’s apparent 
condition. Other patients, with physical signs of a slightly active lesion 
and with shadows of a productive, fibrotic process, may safely be got up 
in a recliner, despite temperatures running in the ninety-nines; and, if 
under close observation everything goes well, they can be begun on from 
one- to five-minute walks. The mental quiet which properly con- 
ducted bed-rest can give is often more important than the physical, and 
high-strung, nervous patients are often better on a porch by themselves 
with no visitors, whereas most patients do better with porch-mates and 
are benefited by moderate company. We are striving to restore our 
patients to health, happiness and utility, and a normal frame of mind, and 
it takes close study on the doctor’s part, and that individualization which 
is often spoken of but not sufficiently used, to fit the cure of each patient. 
I have very briefly reviewed the evolution of the treatment of pul- 
monary tuberculosis since the time of Laennec, and more especially 
during the last forty years; and as I look over the ground I realize that, 
despite the very many remedies that have been advocated from time to 
time, those that are tried and tested and have won a permanent place are 
few. As I have said, the most important feature of our therapy is the 
hygienic and dietetic treatment, out of which has developed the central 
feature of our modern practice, Rest. Closely allied to this, as producing 
local rest, come artificial pneumothorax and pulmonary surgery in 
selected cases. Further, climate has an assured place as the best restorer 
of the patient’s resisting power. Finally, psychotherapy, while it has 
not always had the attention from physicians which it deserves, is a most 
important agent which, properly used, will never lose its value. Helio- 
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therapy, while invaluable in intestinal and surgical tuberculosis, has not 
yet won an assured place in pulmonary trouble. 

At present then, these are our reliance, and the results they yield are 
remarkable in a large percentage of our cases. But there are still too 
many patients, even among those discovered early, and especially those 
who come to us late, who are beyond our power to aid, and our treatment 
must evolve much further if we are to be able to cure them, and I believe 
that it is toward the evolution of a remedy based on immunological work 
with the poisons of the tubercle bacillus, to build up the resisting power 
of the cell, that we must labor. Our experience with tuberculin has dis- 
couraged us, but in the womb of time lies, I believe, the perfect specific 
which will some day be discovered; and we must rely upon our research 
workers, who are now so many, to find it for us. Meanwhile, let us not 
forget that the measures at present at our disposal, wisely applied, are 
daily giving brilliant results. 

The longer I treat this disease, the more I realize that these two 
factors, constitutional resisting power, which we have as yet no scientific 
means of measuring, but which the physician with experience and judg- 
ment can fairly estimate, and moral resisting power, which the wise 
doctor well knows how to develop if it be lacking, are the important 
factors. Let the doctor keep this ever before his mind, for as long as he 
has faith in the possibility of cure he can give fighting power to his 
patient if the patient is half a man, and by such psychotherapy he can 
accomplish miracles. Would that some scientific investigator might find 
the measure of the vital resistance in any case, and show us how to 
develop it! That finally we shall solve this riddle I doubt not. Mean- 
while it is in the power of any doctor, who takes a live interest in his 
patient and knows how to unlock the secrets of his heart, to bring to him 
aid in his fight such as rest or surgery or climate alone cannot give. Fill 
our patient’s heart with hope and we double the fighting force of every 
cell in his body. Teach him to smile and we wake up a sunlight in his 
heart which is the best heliotherapy. Rouse his will power to fight 
with us and our task at once becomes easier. What would the results 
of our sanatoria be, if we could banish the many pitiful and concealed 
anxieties which are too often gnawing at our patients’ hearts and lessen- 
their fighting force? 

What discoveries the future may bring to us we cannot know; but, 
while we are far from having attained the control over tuberculosis of 
which we dream, the results of the modern treatment which I have 
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outlined to you are so good that, granted an early diagnosis and that 
fundamental resisting power which the majority of our patients have, 
there is no excuse for pessimism in our attitude save in the minority of 
cases. The hygienist, by his prophylaxis, is cutting down the inci- 
dence of tuberculosis and improving the constitutions of those who may 
fall its victims. The modern diagnostician is infinitely more capable of 
discovering its early manifestations than the very best men in our 
profession were thirty years ago, and the therapeutist, having thor- 
oughly mastered the few but powerful measures at his disposal, is 
returning more and more patients to a useful life. 

Therefore, in closing, my last word is one of hope and encouragement. 
Even did we not expect, as we certainly may, any further additions to our 
knowledge, such as we received from Brehmer and Forlanini, the profes- 
sion is learning better and better how to fight this plague. Preventive 
medicine is achieving results hitherto supposed to be unattainable. The 
constitutions of our people are being raised to a higher level. Eager 
research workers are delving into the secrets of nature. And I feel very 
sure that the problem of the cure of tuberculosis will at last be added to 
the long list of the problems of those diseases which in this wonderful 
century the intellect of man has solved to the blessing of the race. 
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ARTIFICIAL PNEUMOTHORAX AFTER FOURTEEN YEARS 
W. B. KENDALL anp C. B. ROSS! 


During the past ten or fifteen years physicians of the various hospitals, 
wholly or partially engaged in the handling of pulmonary tuberculosis, 
have had a splendid opportunity to witness the individual effect of its 
treatment by artificial pneumothorax. 

Inefficacious in some instances, in many others it confers palpable and 
prolonged benefit, resulting often in permanent return to good health 
and progression to ultimate cure. Such points can be established in a 
statistical survey of recorded results. But no tabulation is required to 
convince the sanatorium physician of the benefits derived from the treat- 
ment. All who have used it to any extent must have observed at times 
a dramatically sudden change in the clinical findings. The picture ofa 
patient suffering with a racking cough, with an intolerant digestive tract 
and agonized mind, is so frequently changed almost over night to that of 
a patient who is afebrile and breathing easily, and with improving appe- 
tite, and comfortable in both body and mind,—so frequently indeed, 
that a statistical survey is of secondary importance in formulating the 
opinions of the observer. 

Fourteen years’ experience has concentrated the ordinary indications 
for treatment into one broad generality, as follows: Any patient who is 
suffering from unilateral tuberculosis of greater than minimal extent is to 
be considered a possible subject for artificial pneumothorax. 

This generalization is applied to the individual patient as soon as 
thorough clinical and X-ray examinations have disclosed the disposition 
of the lesion. Working from this basis, when such contraindications as 
incurable complications can be ruled out, the question to be decided is 
whether the prospective candidate for pneumothorax should be sub- 
mitted to immediate treatment or whether this should be delayed until a 
thorough trial of general rest treatment can be carried out. 

In the case of a patient who is suffering from unilateral disease, with 
excavations of such size thai they cannot be expected to heal otherwise, 
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no purpose is served in delaying the operation. Such a patient receives 
the treatment immediately. 

On the other hand, a patient who presents unilateral disease, with 
little or no evidence of excavation, is not treated until a thorough trial of 
rest in bed has been made without definite or satisfactory improvement. 
The length of this preliminary trial varies with the individual and lasts 
from two to six months. 

The occurrence of haemoptysis in the latter type of case hastens the 
initiation of the treatment. Furthermore, in any event, the recurrence 
of haemoptysis of considerable amount forms an unique indication for 
artificial compression. 

At this date it may seem that enough has been said to establish the 
efficacy of artificial pneumothorax in the treatment of pulmonary tuber- 
culosis. Its immediate results, published frequently and from various 
sources, have been convincingly satisfactory. Now, however, the time 
has arrived when studies of late and ultimate results on this continent 
may fairly be presented. 

Artificial pneumothorax was first undertaken at the Muskoka Insti- 
tutions of the National Sanitarium Association in 1914. It has been 
attempted to date in 613 cases, including those that have commenced 
treatment this year and are not included in this survey. 

In estimating its value it is obviously unfair to attempt to compare 
the results of the method with those of general sanatorium treatment. 
In the Muskoka Hospital good immediate effects are recorded in 67 per 
cent of those who receive pulmonary compression, while for all patients 
receiving general sanatorium treatment at the institution the medical 
reports show improvement in 73 per cent. 

The fact is that candidates for artificial pneumothorax present already 
less favorable prognoses than do the average sanatorium patients. The 
ideal controls to use in estimating results would be the patients to whom 
the treatment has been offered and who have refused to accept it. Un- 
fortunately for statistics but fortunately for the patients, those who 
are recorded as refusing treatment form a group too small to be of any 
comparative value. 

It is necessary, therefore, to use for comparison those patients upon 
whom the operation has been attempted without success in finding the 
pleural space or opening it to an extent sufficient to warrant the con- 
tinuance of treatment beyond the first few attempts at compression. 


bee 

> S 

ts 

d 

h 
a ; 

O 
a 

t 

yf 

’ 
€ 
(29 


806 W. B. KENDALL AND C. B. ROSS 


The types of compression are arbitrarily divided into four classes: 


1: Complete Compression: The lung is entirely or almost entirely collapsed. 
2: Partial, Satisfactory Compression: There are adhesions, but the lung is com- 
pressed to an extent which, in many cases, has been shown to be sufficient to 
have some effect upon the control of symptoms, enough at least to warrant 
the continuance of the treatment for some time in the hope that it might be 
beneficial. 

3: Unsatisfactory Compression: This does not mean unsatisfactory in results, 
but refers to cases in which there is a very small pocketing of gas, yet obviously 
not enough to inhibit to any extent the function of the lung. 

4: Compression Not Obtained: The adhesions are so massive that the pleural 
space cannot be found. 


Of these four classes only the first two can be expected to show any results 
of treatment. The others, in which it was impossible to establish com- 
pression, partial or complete, are used as controls. 

As regards results, patients are classified according to the following 
system which the follow-up organization has found to be the most 
practical: . 


1: Working: Carrying on a vocation as a normal person. 
2: Well: May be working to some extent, but still living a partially guarded 


existence. 
3: Improved: Not working, but enjoying fairly good health in a guarded 


existence. 
4: Unimproved: Either stationary in an unimproved condition or failing. 


5: Dead. 


According to the length of time which has elapsed since the inception 
of treatment, the cases are divided into 3 groups: 


1: Recent Group: All who have commenced within the past five years. 

2: Five-Year Group: All who commenced from five to ten years ago and upon 
whom reports were available after five years of treatment. 

3: Ten-Year Group: All who commenced ten or more years ago and upon whom 
reports were available ten years after the initial treatment. 


The years 1923 to 1927, inclusive, comprise the period of the first 
group which contains 148 patients who received compression and 88 
controls upon whom reports are available. 
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Recent group, 1923-1927, inclusive, 


TABLE 1 


Treatment was attempted in 243 cases, 7 of which are 


lost to the records 


COMPLETE 
COMPRESSION 


PARTIAL, 
SATISFACTORY 


TOTAL TREATED 


per cent 

17 34.0 
6 12.0 
20 40.0 


per cent 


16 16.3 
5 5.1 
35 35.7 


per ceni 


22.2 
7.5 
37.2 


43 86.0 


56 57.1 


66.9 


2.0 
12.0 


20 20.4 
22 22.5 


14.2 
18.9 


14.0 


42 42.9 


33.1 


50 100.0 


98 100.0 


148 


UNSATISFACTORY 


NOT OBTAINED 


TOTAL CONTROL 


per cent 


per cent 
6.8 
3.4 
21.6 


31.8 


20.5 
47.7 


68.2 


100.0 


807 | 
1- 
0 
rt 
y 
il 
| Total notimproved................| 7 — | | 40 
d per cent 
Total 9 265 | 19 35.2 | 2 
55.9 23 42.6 42 
Total not improved................. 25 73.5 | 3 64.8 | O 
1 a 


W. B. KENDALL AND C. B. ROSS 


Five-year group, 1918-1922, inclusive. 


TABLE 2 


Treatment was attempted in 210 cases, 46 of which were 


lost to the records at the end of 5 years 


COMPLETE 
COMPRESSION 


PARTIAL, 
SATISFACTORY 


TOTAL TREATED 


per cent 
21 48.8 
6 14.0 
0 0.0 


per cent 


12 21.8 
3.6 
5.6 


per cent 


33 33.7 
8 8.1 
3 3.1 


62.8 


17 31.0 


44.9 


23.3 
13.9 


2 3.6 
36 65.4 


3.1 
52.0 


37.2 


38 69.0 


55.1 


100.0 


55 100.0 


100.0 


UNSATISFACTORY 


NOT OBTAINED 


TOTAL CONTROLS 


per cent 


per cent 


3.8 
3.8 
11.6 


per cent 


9.1 
6.1 
6.1 


19.2 


21.3 


7.7 


4.5 
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Ten-year group, 1914-1917, inclusive. 


TABLE 3 


were lost to the records at the end of 10 years 


Treatment was attempted in 151 cases, 31 of which 


COMPLETE 
COMPRESSION 


PARTIAL, 
SATISFACTORY 


TOTAL TREATED 


per cent 
12 30.8 
4 10.3 
2 


per cent 
0.0 


per cent 


14 20.9 
4 5.9 
4 5.9 


18 46.2 


14.2 


32.7 


0 0.0 
53.8 


1 3.6 
23 82.2 


1.6 
65.7 


53.8 


24 85.8 


67.3 


100.0 


28 100.0 


100.0 


UNSATISFACTORY 


NOT OBTAINED 


TOTAL CONTROLS 


per cent 


8.6 
0.0 
0.0 


per cent 
0.0 
0.0 
0.0 


per cent 
5.6 
0.0 
0.0 


8.6 


0.0 


5.6 


88.5 


0.0 
100.0 


1.9 
92.5 


91.4 


100.0 


94.4 


100.0 


100.0 


100.0 
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TABLE 4 


UNILATERAL DISEASE | BILATERAL DISEASE 


COMPLETE AND PAR- COMPLETE AND PAR- 
TIAL, SATISFACTORY TIAL, SATISFACTORY 
COMPRESSIONS COMPRESSIONS 


per cent per cent 
42 29.4 33 19.5 
13 9.1 12 7.2 
36 27 16.2 


91 63.7 72 42.9 


84] 11 6.5 
40 27.9 | 85 50.6. 


52 36.3 96 57.1 
143 100.0 168 100.0 


UNILATERAL DISEASE | BILATERAL DISEASE 


UNSATISFACTORY UNSATISFACTORY 
COMPRESSION AND COMPRESSION AND 
NOT OBTAINED NOT OBTAINED 


per cent per cent 


9.8 6.5 
4.9 1.6 
18.3 6.5 


33.0 14.6 


14.6 6.5 
52.4 78.9 


67.0 85.4 
82 100.0 100.0 


Table 1 shows that of those who received compression 66.9 per cent 
are improved, well or working, including 22.2 per cent who are working, 
while of the controls only 31.8 per cent are improved, well or working, 
including only 6.8 per cent who are actually working. 

This group best illustrates the immediate results of the treatment, and 
the percentages correspond closely with those which have been published 
from the same source and which were based on patients who are now 
recorded in older groups. The difference of approximately 35 per cent 
improvement between those who received compression and those who 
did not, does not allow for several who in the first two or three years 
of the group were temporarily benefited by the therapy and who have 


since relapsed. 
The intermediate or five-year group, made up of patients who com- 
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menced treatment in the years 1918 to 1927, inclusive, records 164 cases. 
Table 2 shows that 44.9 per cent of the patients of this group who re- 
ceived treatment are improved, well or working at the end of five years, 
including 33.7 per cent who are working, while among those who were 
unable to receive compression only 21.3 per cent are improved, well or 
working, including only 9.1 per cent who are working. 

A comparison of this with the former group indicates that at the end of 
five years one may expect a decrease of 22 per cent in those who during 
the first five years following treatment are improved, well or working, a 
decline from approximately 67 to 45 per cent. Although there is this 
marked fall in the total percentage of those showing improvement, there 
is, at the same time, an increase of 11 per cent, a rise (from 22 to 33 per 
cent) in those who are working. The explanation of this, which at first 
sight appears to be paradoxical, is that, at the end of five years, in many 
cases the temporary benefits first achieved by the treatment are begin- 
ning to exhaust themselves, lowering the percentage of total good results, 
while at the same time some of those who in the first group are marked 
“improved” or “well” will have accomplished a permanent good result 
at the end of five years and will then have “graduated” into “‘working”’ 
classification. 

It is the third or ten-year group which best illustrates the permanent 
benefits of artificial pneumothorax. This group (table 3) comprises those 
patients who received their treatment in the years 1914 to 1917, inclusive. 
It consists of 120 patients, upon whom reports are available at the end 
of ten years after the first treatment was essayed. Of course, at the end 
of ten years some allowance must be made for the ordinary mortality 
tate from other causes. 

At the end of ten years, of those receiving compression 32.7 per cent 
are still improved, well or working, including 20.9 per cent who are 
working, while of those who did not receive a successful compression, 
partial or complete, only 5.6 per cent are improved, well, or working. A 
comparison, even more graphic, is found in the death-records, which 
show that, at the end of ten years, of those receiving treatment 65.7 per 
cent are dead, while of those who were unable to receive it 92.5 per cent 
are dead. 

Inasmuch as in the early days of the therapy it was used on patients 
who, because of greater extent or activity of disease, presented less 
favorable prognoses than do the patients selected to-day, the significance 
of these results is increased. 
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It has been found possible in this survey to carry out an interesting 
comparative study of the results obtained in the different types of 
compression. 

In the recent group, 86 per cent of the ‘“complete compressions” and 
57.1 per cent of the “partial, satisfactory compressions” are improved, 
well or working. In the five-year group 62.8 per cent of the former and 
31 per cent of the latter are improved, well or working. At the end of 
ten years, 46.2 per cent of the “complete compressions” and 14.2 per 
cent of the “partial, satisfactory compressions” are improved, well or 
working. 

This comparison indicates that the results achieved by a complete 
compression of the diseased lung are very superior, not only to those in the 
controls, but also to the results obtained in the cases of partial, satis- 
factory compression. In fact, in the three groups, as between the good 
results of the “complete” and of the ‘‘partial, satisfactory compressions”’ 
there is a constant difference of approximately 30 per cent. 

The temporary good results produced by the treatment are evidently 
found predominantly in the cases whose compressions are no better 
than “partial, satisfactory.”” Indeed, at the end of five years, the differ- 
ence between the total improvement shown by those with this type of 
compression and that of the controls, has already diminished to less than 
10 per cent. 

This evidence, that many of the good results achieved in cases re- 
ceiving compressions not extensive enough to be classified higher than 
“partial, satisfactory” are of a temporary nature, which largely exhaust 
themselves in five years, is not condemnatory of the treatment. How- 
ever, it opens up a field of speculation as to the possibility of the more 
extensive employment of such surgical expedients as thoracoplasty and 
phrenicotomy, not only in those cases which receive partial compressions 
and fail to improve, but also in those which receive partial compressions 
and show considerable general improvement. 

It is relatively easy to persuade a patient who is not improving to sub- 
mit to thoracoplasty, but in the event of marked improvement following 
partial compression, with the patient gaining in weight, strength and 
general sense of well-being, it becomes quite difficult. However, from 
a study of these statistics, it would appear that there are many patients 
who are temporarily improved by partial compression, whose improve- 
ment could be furthered and rendered relatively permanent by thora- 
coplasty, and who, now that the operation is available to an extent not 
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previously experienced, should receive consideration. In such an event, 
what would be the criteria upon which to judge that a patient, already 
showing marked improvement from partial compression, should be sub- 
mitted to so radical an operation as thoracoplasty? ‘The persistence of 
bacilli in the sputum or of any expectoration beyond a scant amount, 
or of roentgenographic evidence that a cavity is not being compressed 
to the extent desired, would probably be the points of greatest value in 
coming to this conclusion. 

When it is said that the disease treated by artificial pneumothorax 
should be unilateral in its manifestations, this is speaking relatively. 
There are few cases of extensive involvement of one lung in which possi- 
bly tuberculous changes of some extent cannot be demonstrated in the 
other, radiographically at least. In fact, 55.5 per cent of the patients 
reported upon in this series as receiving treatment have shown definite 
parenchymatous lesions in the other lung extensive enough to be found 
in most cases by physical signs. Some of the best permanent individual 
results have been produced in patients who have had definite clinical 
evidence of a lesion of the contralateral lung. 

Unless the patient appears to be nearing the point of final breakdown of 
general resistance, the existence of a tuberculous lesion in the other lung, 
provided it is not extensive or actively exudative, does not appear to be 
a contraindication. However, strict individualization must be em- 
ployed in deciding whether such a lesion is of the nature or size to pro- 
hibit the treatment. 

Retrogression of a focus of disease in the noncompressed lung after 
the successful induction of artificial pneumothorax has been noticed so 
frequently that interesting conjectures arise as to the cause. The 
bolstering-up of general immunity, by throwing out of commission a 
lung which, while in active function, is the source of overwhelming tox- 
aemia, and the production of hyperaemia in the noncompressed lung 
may be two of the factors which play a part in this amelioration. 

The present condition of 516 patients upon whom the treatment has 
been attempted is known, and has been tabulated according to the dis- 
position of the disease, whether relatively unilateral or definitely bi- 
lateral. It will be seen (table 4) that superior results, as should be ex- 
pected, are obtained in the unilateral cases, which show 63.7 per cent 
improved, well or working, in contrast to the bilateral cases, which show 
only 42.9 per cent in the improvement categories. This difference of 
almost 21 per cent may appear rather disappointing, but the 42.9 per 
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cent of good results in the bilateral cases contrasts very favorably with 
the 14.6 per cent of good results shown by the bilateral controls, and even 
fairly well with the 33 per cent improved shown by the unilateral controls. 

The unilateral cases that were able to receive a compression, partial or 
complete, exceed by 30.7 per cent the good results in the unilateral cases 
that failed to get a compression, since the former show 63.7 per cent 
in the improved categories and the latter only 33 per cent. It is inter- 
esting to note that approximately the same difference is shown between 
the bilateral cases that received treatment and the bilateral controls, 
for of those treated 42.9 per cent are improved, well or working, exceeding 
the 14.6 per cent of total improvement in the controls by a difference of 
28.3 per cent. 

Roughly speaking, it would appear that a patient with bilateral disease, 
not too extensive to prohibit the use of artificial pneumothorax, has 
20 per cent less chance of improving than has a patient with unilateral 
disease, but he has 30 per cent more chance of improvement if treated 
than if not treated by this therapy. 


CONCLUSIONS 


1. A comparative study has been attempted of immediate and late 
results of treatment by artificial pneumothorax. 

2. The immediate results are confirmatory of those previously 
published. 

3. Late results, as found at the end of ten years, are satisfactory when 
compared with the results shown by cases in which compression was not 
established. 

4. The temporary good results are found predominantly in the cases 
in which pulmonary compression is not complete, and the benefits so 
achieved are greatly diminished at the end of the first five-year period. 

5. The presence of a definite lesion in the contralateral lung does not 
prohibit the use of unilateral pneumothorax, provided that care is used 
in estimating the extent and activity of this lesion. 
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THE DEVELOPMENTAL CYCLE OF THE TUBERCLE 
BACILLUS AS REVEALED BY SINGLE-CELL 


STUDIES! 
n MORTON C. KAHN AND JOHN C. TORREY 
, With the technical assistance of 
; MRS. ERICH SCHWARZKOPF 

Since Koch’s announcement of the isolation of the tubercle bacillus 
‘ and his proof that this microdrganism is the cause of tuberculosis, it 
5 has been generally considered that the bacteriology of the subject, as 
l regards morphology, was largely closed and that the acid-fast rod de- 
scribed by him is the only form of the microérganism causing the disease. 


On reviewing the literature, however, a number of references will be 
found which would seem to indicate that the tubercle bacillus may not a 
always be present in cultures or lesions in the bacillary stage, or even in 7 
the acid-fast stage, and that our knowledge of the life-cycle of this micro- 
organism must therefore be considered as incomplete. In view of exist- 
ing evidence it cannot be taken for granted that the sole means of repro- 
duction by the bacillus of tuberculosis is by the simple fission method of - 
the typhoid bacillus and similar bacilli. 

Particular impetus has recently been given to the subject of the biology 
of the tubercle bacillus by Fontes, Calmette, Arloing, Dufourt and many 
others of the French school, who have stated that either cultures of 
Bacillus tuberculosis, or extracts of organs from tuberculous animals or 
human beings, after thoroughly controlled filtration through Chamberland 
L2 filters, will produce tuberculosis when injected into experimental 
animals. This experimentally produced form of the disease may be 
manifest, they say, in several ways. Occasionally the condition at 
autopsy will be one of typical, more or less generalized tuberculosis 
recognizable by macroscopic examination. More frequently, even thougt 


1From the Department of Public Health and Preventive Medicine, Cornell Universit; 
Medical College, New York City. 

* Aided by a grant from the National Tuberculosis Association. 

3 Presented at the twenty-fourth annual meeting of the National Tuberculosis Associatior 
Portland, Oregon, June 21, 1928. 
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the animal may die, there is little macroscopic evidence other than hyper- 
trophy or atrophy of certain lymph nodes. Smears made from these 
lymph nodes will usually show typical acid-fast bacilli, even though the 
lymph nodes may appear normal. Other animals may seem normal dur- 
ing all the time of observation but when tested with tuberculin in concen- 
trations somewhat higher than that usually used will show a hypersensi- 
tiveness beginning in about 25 days after injection of the filtrate and 
persisting for several weeks. In 1926 Calmette also concluded: 


[1] In certain severe infections of tuberculosis the passage of the virus from the mother to the 
foetus during gestation is not so exceptional as we have heretofore thought. 

[2] Intraplacental infection is very often realized by means of filterable forms of the tubercle 
bacillus, which we call the ultravirus of tuberculosis and which is pathogenic for the guinea 
pig. The classical bacillus of Koch refers more to the advanced stage and presumably, more 
resistant forms of the organism. 


The claims of these French observers have not been generally accepted. 

As early.as 1883 Mallassez and Vignal described non-acid-fast granules, 
forerunners of zooglear masses which they claimed ultimately formed 
acid-fast tubercle bacilli. Thirteen years later Semmer reported on 
globular elements, freed from rods, and clubbed-shaped types which 
reproduced into normal acid-fast rods, while Schuermayer in 1898 con- 
sidered the bacillus of tuberculosis and the organism of actinomycosis to 
be closely related as regards their method of multiplication. Arrigo, 
working on the Koch bacillus in 1900, described various important mor- 
phological changes from bacilli to granules and thence to bacilli again, 
while Ernst in 1902 speculated to the effect that many types of bacteria 
possess tiny granules in their protoplasm which act as centres of germi- 
nation. He considered the tubercle bacillus no exception. Spengler in 
1905 described his interesting ‘‘Splitter’”’ type, a granular form that 
occurred in certain strains, especially of the bovine tubercle bacillus, 
these granules appearing strongly acid-fast. 

Much’s work in 1907 stimulated considerable interest, and indicated 
the desirability of searching for forms other than the acid-fast rod. It 
will be remembered from Much’s studies that in so called cold abscesses 
it is difficult to find acid-fast tubercle bacilli, while animal tests with this 
material and cultures give a relatively high percentage of positive re- 
sults. On the other hand, Much showed that acid-fast bacilli disappear 
and reappear in sputum from week to week, and, in the interim, the 
Ziehl-Neelsen stain does not reveal them, while the gram-stain shows, 
beside tiny rods, granules singly and in minute bunches. These granules 
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were found many times lying side by side in such formation as to indi- 
cate that they were the offspring of a single rod. Very often they ap- 
peared free or gathered together like bunches of dust particles. In old 
cultures Much always found acid-fast granular forms lying in a row and 
seemingly surrounded by some kind of capsule, having thus the form of 
arod. If these granules were noncapsulated, he states, they lost their 
acid-fast properties. Much attempted to prove the pathogenicity of 
this granular phase by injecting macerations of tubercles which showed 
only the granular form, no acid-fast rods «. ing been found by three 
observers after extremely careful search. 

Many others have observed variations from the usual acid-fast rod or 
bacillus; for instance, Maher, Knoll, Krylow, Reenstiera, Karwacki, 
Kirchenstein, Sweany and others. ‘These workers emphasized, for the 
most part, the existence of granular and non-acid-fast types, but differed 
as to the meaning of the forms and their place, if any, in the life-cycle. 

Bergel represents the negative view, and considers the granules and 
non-acid-fast rods degenerated forms of the tubercle bacillus. The 
most recent report on the morphological changes undergone by Koch’s 
microdérganism is that of Sweany (1928), who with material obtained 
from a tuberculous ear abscess induced certain types of granules to 
sprout into acid-fast rods. This observation seems to find confirmation 
inour study. He claims that in other stages the granule can be made to 
generate into actively motile bacilli and that these forms are non-acid- 
fast. Definitely motile forms have not been seen during the course of 
our study. Sweany attests to the pathogenicity of the granular stage, 
very small doses of the granules producing atypical and chronic tuber- 
culosis while a typical active form results from larger doses. A semi- 
acid-fast mold-like organism was also obtained by him for which 
tuberculogenic properties were claimed. This mold, he states, was 
transformed into acid-fast bacilli on animal passage. 


EXPERIMENTAL 


The observations of the authors mentioned and those of many others 
were made either by studying stained preparations taken periodically 
from clinical material, from cultures, or from hanging drops made with 
substances obtained from similar sources. While often interesting and 
highly suggestive, observations made on preparations stained or other- 
wise, where a large number of microérganisms are encountered, must be 
confusing when life-cycle studies are attempted, especially if the types 
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are not undergoing an identical phase of their development at the same 
time. Such conditions must seldom be the case. In examining prep- 
arations containing many bacteria in the living stage especially, it is 
difficult, if not impossible, to keep the eye constantly fixed to a single 
individual, and if one glances away from the field, if only for a second, 
one cannot be sure of returning to the identical bacillus under original 
observation. 

To obviate this difficulty, observations have been made on well over 
200 preparations of single tubercle bacilli and on as many more prepara- 
tions of small groups of three and four. These single organisms were 
planted, each in a separate micro-droplet, under conditions which often 
ensured active growth, and in such a manner, about to be described, as 
to maintain them in an actively viable condition for several days and 
often weeks. For, in contradistinction to the usually encountered 
pathogen, such as B. typhosus, which passes through a generation several 
times in twenty-four hours, it has been our experience that the strain of 
tubercle bacillus under observation develops from mature rod to mature 
rod at a much slower rate, about every eight to twelve days, and some 
organisms have taken as long as twenty-six days to attain maturity. It 
was therefore necessary to make prolonged observations. 

The strain of tubercle bacillus used in this investigation was the 
Saranac Laboratory H37, a human type obtained from the National 
Tuberculosis Association. 

Stock cultures of this organism were kept going by transplanting on 
Long’s synthetic nonprotein liquid medium. Luxuriant growth always 
ensued in a minimum of time, and this substance was found equal if not 
superior to the egg medium or glycerine-broth for supporting growth. 
Long’s medium consists of glycerol, asparagin, ammonium-citrate, po- 
tassium-phosphate, magnesium-sulphate, ferrous-ammonium-citrate, so- 
dium-carbonate, sodium-chloride and distilled water. The reaction is 
pH 7.1. 

The medium used to grow the single organisms and small groups was 
composed of the aforementioned substances, but with the addition of 
0.2 per cent of agar and 1.5 per cent of gelatine. These last-named in- 
gredients were added to prevent the micro-droplets from spreading and 
mixing with the moisture of condensation deposited on the under side of 
the coverslips, and it was this modified and viscid medium which made it 
possible to retain the droplets in perfect condition for such relatively 
long periods of time. Entirely liquid media have been used heretofore 
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for single-cell isolations but was found to be unsuitable for the present 
study. 

A little young growth from the stock culture was incubated deep in the 
agar-gelatine fluid medium for four days prior to isolating single cells, 
and in this way a number of free rods were obtained without having to 
shake the mass obtained from the mother culture. 

The droplets were placed on the under side of a scrupulously cleaned 
and sterile no. 1 coverslip mounted on the Chambers cell, which is an 
oblong glass box open at the top and oneend. The isolation of the single 
bacteria and small groups was made possible through the use of a Cham- 
bers micromanipulator, an apparatus devised for the purpose of manipu- 
lating micro-pipettes in three planes of the field of a compound micro- 
scope. The pipettes have openings of about 1.5 micra, and thus are 
small enough so that there may be expelled tiny drops often containing a 
single bacterium. 

After four droplets were deposited containing single bacilli or groups of 
not more than six, the coverslip was removed from the glass cell and 
rapidly transferred to a deep hollow-ground slide. The coverslip was 
then rapidly sealed in place with a hot vaseline-paraffine mixture stand- 
ing close at hand. The droplets were successfully prevented from drying 
by placing a drop of sterile 3 per cent agar in the bottom of the depression 
in the slide before the coverslip was sealed in place. Next, the droplets 
were examined under the 2-mm. oil-immersion lens with a 15x eye-piece, 
and accurate drawings made of the single cell or the small groups present 
in each individual droplet. The slides were incubated at 37.5°C., in 
petri-dishes having moist filter-paper on the bottom. These droplets 
were small and shallow, and thus permitted complete visibility of all 
parts; therefore, it was impossible to have an organism or granule in the 
drop and not be cognizant of its presence. A number of sterile droplets 
were observed and in no case did contamination ensue. Observations on 
several slides thus prepared were made on the micro-stage incubator at 
37°C., but it soon became evident that no change took place in the individ- 
ual rod during a few hours’ incubation, aside from the occasional forma- 
tion of central, polar or bipolar granules. Therefore, subsequent obser- 
vations were made at about 24-hour intervals. 

It is stated by Petroff and also by authors of most textbooks on bac- 
teriology that the tubercle bacillus multiplies by simple fission. Branch- 
ing forms have been described by numerous investigators, but Petroff 
considers these to be juxtapositions of two individual rods and claims 
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that he has never seen true branching types of the organism. This is 
not quite according to our experience, for on a few occasions a second 
rod has been observed to sprout from an intrabacillary granule and 
finally break from the parent form, the daughter rod being considerably 
shorter and finer. Such cases, however, are exceptional, as are those in 
which a short rod has been observed to form between the dividing halves 
of a free granule or fragment, the dividing halves ultimately stretching 
apart and forming two small rods with polar bodies. 

Under the experimental conditions already mentioned, the most fre- 
quently encountered developmental cycle of this particular strain has 
been as follows: After a few hours’ incubation in the micro-droplet, a 
single unstained homogeneous rod will begin to form certain zones, which 
appear by transmitted light of darker color than the surrounding bacillary 
protoplasm. ‘These dark areas are taken to be the deep-staining por- 
tions, which appear black or deep red when the tubercle bacilli are 
stained with Krylow’s carbol-fuchsin, carbol-methyl-violet stain. Such 
zones are formed centrally, subterminally or at both poles. At times 
as many as 10, and on one occasion 16, have been observed in a single 
rod, but for the most part 2 or 3 are present. 

Some twenty-four to seventy-two hours after planting, and often 
longer, lines of cleavage become evident, but these seem to be independent 
of the position of the dark zones already formed, for often a rod having 
bipolar bodies will form four zones of cleavage, two of them, therefore, 
being without the deeper-appearing areas. As will be seen later, this 
particular type of cleavage is not simple fission in which a rod subdivides 
along a more or less central transverse line, each resulting half developing 
to redivide once more, but a segmenting process giving rise most often 
to 3 or 4 separate units which remain in the form of oval bodies. The 
number of units thus formed is seemingly governed by the size of the 
rod. In this stage the coccoid bodies are acid-fast, in agreement with 
Spengler’s description of his Splitter, but at times non-acid-fast globoid 
forms are encountered, which are surrounded by a delicate acid-fast 
zone. These are possibly the portions of the rod which contained the 
dark-appearing areas. These resulting coccoid types do not thenceforth 
develop directly into adult bacilli, but many of them subdivide by simple 
cleavage along a more or less central line. Thus, well-defined diplococ- 
coid types are produced, which appear not unlike very small pneumo- 
cocci. The formation of these diplo forms takes place from 24 to 96 
hours, or longer, after the segmenting process. Measurements taken 
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with a Filar hair-micrometer showed the forms in this particular stage of 
the developmental cycle to be 0.11 to 0.38 micra in diameter. Re-sub- 
division of these bodies then proceeds at a comparatively rapid rate, 
until after a subsequent 24 hours’ incubation the droplet will be found 
to be well populated with tiny cocci and diplococci, too small to measure, 
with some appearing as short chains. These are oval, or round, and often 
somewhat irregular in outline. Forms taken to be in this stage have been 
found to be non-acid-fast, and are possibly the types described by Much. 
An additional day or more in the incubator discloses a well-defined 
tendency toward agglutination. Although there are many free granules, 
several clumps will be found to have formed, and the particles within 
these clumps then begin to reduce in size to such an extent that after 24 
or 48 hours’ further incubation tiny groups of dust-like particles are all 
that remain in the droplet. The individuals in these groups are so small 
that measurement with the hair micrometer has been found impossible, 
and the forms are only distinctly visible about the periphery of the aggre- 
gation. Some are only on the verge of visibility. It is possible that 
others of these individuals may be small enough to be ultramicroscopic, 
and it is conceivable also that in this stage of its development the bacillus 
of tuberculosis may be a filter passer, although no experiments have been 
concluded to prove this point. Much has made reference to the occur- 
rence of tufts of dust-like particles in specimens obtained from tuberculous 
material. These may be similar, if not identical, forms. 

These clumps remain as such for varying periods,—24, 48, 96 hours, 
or even longer. Eventually, however, the most delicate rods imaginable 
will be found sprouting from the periphery. At first the rods are so small 
that one cannot be sure of their identity. They grow with varying 
rapidity, until finally the adult acid-fast rod is produced. Some of these 
tiny rods break from the parent clump and develop independently at 
some distance. Most of them, however, remain in the group and com- 
plete their development at that locality. 

The question of whether these tiny rods sprout from individual granules 
or whether the granules elongate into the delicate filaments is at present 
unanswerable for want of proper magnification. We have considered at 
times that possibly these young rods may further divide by direct fission, 
as branching forms and bent forms have been clearly seen. No such 
process, however, has been actually observed to take place even when 
subcultures have been made with the micro-pipette from the confused 
germinating mass. 
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In the early stages of the development of these rods they appear yel- 
lowish-white under transmitted light. After four or five days, however, 
they assume a definite greenish hue under the same illumination, a color 
also exhibited by the mature tubercle bacillus. This difference in light 
transmission may possibly be due to the formation of the acid-fast coat- 
ing on the part of the older organisms. Some slight evidence may be 
gathered from studying stained preparations to partially substantiate 
this conception. When stained preparations are made from tufts con- 
taining a number of immature rods a considerable number of definitely 
non-acid-fast rods are encountered, and also those staining a mulberry 
color, more pink than non-acid-fast and less red than the frankly acid- 
fast types. The non-acid-fast types vary in size from those too small to 
measure to forms varying from 0.3 to 1.2 micra. The length of the adult 
tubercle bacillus measures from 1.2 to 5.0 micra. The non-acid-fast 
types were first recognized by Mamarck in 1900 and seem to have been 
correctly surmised by him to be young forms. Petroff claims that non- 
acid-fast rods are more common when the culture medium is unfavorable 
or contains no glycerol. In our micro-cultures they have been found to 
be numerous at a certain stage of the developmental cycle when the cul- 
ture medium was favorable and contained glycerol, but they may well be 
present in added numbers on poor medium in view of lack of sufficient 
food material to complete the development. 

A so called wild strain of tubercle bacillus isolated from infected urine 
has been found to undergo the same developmental cycle as has been 
described for this H37 strain. 

It is possible that the developmental cycle here induced was due solely 
to the artificial method of cultivation employed, and that the same cycle 
will not be found to take place in the animal body. On the other hand, 
it must be remembered that a number of investigators, particularly 
Much, have observed elements similar to those described in material 
obtained from pathological sources, and, as has already been pointed 
out, the absence of demonstrable acid-fast rods does not preclude the 
possibility of tuberculosis. The importance of animal inoculation is 
thus particularly emphasized. This is a preliminary report. 


We wish to express our deep appreciation to Dr. Robert Chambers for his many helpful 
suggestions. 


THE FILTERABILITY OF THE TUBERCLE BACILLUS! 
WILLIAM P. THOMPSON anp MARTIN FROBISHER, Jr. 


In 1910 Fontes (1), while studying the Much granules of the tubercle 
bacillus, observed that a guinea pig, previously injected with Berkefeld 
filtrates of tuberculous pus, showed, at autopsy, enlargement of the 
spleen and lymph nodes. Small granules were seen in these organs. 
The lymph nodes of a second animal, injected with the triturated and 
filtered organs of the first, contained acid-fast bacilli. There was no 
evidence of atypical tuberculosis, these bacilli were not identified, and 
a third passage produced no lesions and no microérganisms were found. 

Further investigation of this problem did not take place, to our 
knowledge, until 1921, when French workers began an intensive study 
of the subject. From 1923 to the present time a great many papers 
have appeared, chiefly in France, reporting the results of injecting the 
filtrates of tuberculous material into guinea pigs. An excellent recent 
review of these papers by Cooper and Petroff (2) makes a detailed 
account of each individual piece of work unnecessary here. 

With but very few exceptions, all of these authors have followed 
the same general technique. Tuberculous material, such as autolyzed 
sputum containing tubercle bacilli, chest-fluid from patients having 
pleurisy with effusion, urine from cases of renal tuberculosis, pus from 
cold abscesses, etc., has been filtered and injected. Chamberland L3 
filters have been almost universally employed, and, with but one excep- 
tion, guinea pigs have been the animals used. Although a few absolutely 
negative results have been reported (3) (4) (5) (6) (7) (8), most of the 
investigators of this subject feel that their results indicate the existence 
of an invisible, filterable, pathogenic form of the tubercle bacillus. 

A critical investigation of the criteria on which the presence of tuber- 
culosis is based is difficult, as frequently the papers are only brief sum- 
maries of the work done. It seems, however, that, of all the animals 
injected with filtrates, only an infinitesimal proportion have developed 


1 Presented at the twenty-fourth annual meeting of the National Tuberculosis Association, 
Portland, Oregon, June 20, 1928. 

*From the Department of Pathology and Bacteriology, Johns Hopkins University, 
Baltimore, Maryland. 
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typical generalized tuberculosis. A very high proportion of the injected 
animals have died in from twelve days to three months after inoculation. 
Many of these animals have been cachectic at the time of death, their 
lymph nodes being frequently enlarged. Pneumonia is often mentioned 
as being present. These lesions, pneumonia, cachexia and lymph-node 
hypertrophy, are accepted by most of the authors as indicating the 
presence of an atypical type of tuberculosis, although microscopic sec- 
tions have very rately been examined. It is on the presence of acid-fast 
bacilli in the lymph nodes of some of these animals that their positive 
conclusions are invariably based. ‘These microérganisms are regarded 
as being tubercle bacilli, although attempts to cultivate and identify 
them have been, with one possible exception, unsuccessful. 

Feeling that the evidence put forth was not sufficient to establish 
definitely the existence of a filterable form of the tubercle bacillus, we 
decided to repeat the experiments, controlling as well as possible each 
step in the process. 


EXPERIMENTAL 


The tuberculous material was obtained from the wards of the Johns 
Hopkins Hospital and also from tuberculous guinea pigs. Precautions 
against contamination of the materials were taken, and the filtrations 
were done as promptly as possible. The material used consisted of four 
twenty-four-hour specimens of urine from separate individuals with renal 
tuberculosis, three separate specimens of chest-fluid from cases of 
pleurisy with effusion, pus from a previously unopened cold abscess, the 
fluid from a case of tuberculous peritonitis, and the ground organs of 
two guinea pigs, making eleven separate specimens in all. 

Previously tested Berkefeld filters, types V and N, were used. These 
were cleaned, tested for defects with air-pressure, and autoclaved just 
before using. Such glassware as mortars, centrifuge-tubes and micro- 
scopic slides were soaked in hot potassium-bichromate-sulphuric-acid 
solution. All instruments were sterilized immediately before use. 

Guinea pigs were used exclusively. In each experiment one animal 
received about 1 cc. of the unfiltered material into the groin. The fluid 
was then filtered, the centrifugate of a portion of the filtrate being ex- 
amined for acid-fast bacteria. Five cubic centimetres of this filtrate 
was then injected intraperitoneally into several animals. In all, about 
60 guinea pigs have ‘been inoculated. 
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The animals were placed in cages, and were fed and examined daily. 
The animals injected with the unfiltered materials were placed each in 
individual cages. The animals injected with the filtrate of any one 
material were kept together in large cages with two normal controls. 
Not more than 6 guinea pigs were placed in any one cage. Autopsies 
were done promptly after death. Sections were taken from the lungs, 
liver, spleen, adrenals, kidneys, and the mesenteric and tracheobronchial 
lymph nodes. These were fixed in Zenker’s fluid, embedded in paraffine 
and stained with haematoxylin and eosin. Guinea pigs that were still 
healthy at the end of four months were killed and similarly autopsied. 


RESULTS 


All of the animals, injected with the unfiltered material, have died in 
from two to three months of typical generalized tuberculosis. 

Of the large number of animals injected with the various filtrates, 
about 70 per cent have died in from one to three months after injection. 
Of these, many were emaciated at the time of death, and many showed 
enlargement of the tracheobronchial lymph nodes. In all of these 
there has been a nontuberculous lobular pneumonia, and in all cases in 
which cultures of the lungs were made we obtained microérganisms of 
known pathogenicity for guinea pigs. In no instance has there been 
any microscopic evidence of tuberculosis in any of the organs. In no 
instance has any unusual or peculiar pathological alteration of the tissues 
been observed. Increase in the number of wandering cells in the lymph 
nodes, such as is commonly observed in pneumonia, accounts, presum- 
ably, for their increase in size. 

Uninjected control animals that were placed in the cages with the 
filtrate-receiving animals have died. These also were often emaciated 
at the time of death, and contained enlarged hilum lymph nodes. 
Microscopic examination revealed, in all cases, the presence of a similar 
type of lobular pneumonia and cultures of similar microérganisms have 
been obtained. 

A series of 8 guinea pigs were injected with 5 cc. of urine and pus 
filtrate, the filtrate having been previously heated at 60°C. for one hour. 
All of these died, and autopsy findings were identical with those receiv- 
ing the unheated filtered material. 

In 10 cases, as the animals died, portions of their spleens and lymph 
nodes were triturated with normal saline solution, filtered, and rein- 
jected into new animals. The autopsy findings in this series were similar 
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to those previously described, except in the case of one of the guinea 
pigs, which died from acute peritonitis on the day following injection. 

No lesions of any kind were found in any of the animals that were 
killed while still apparently healthy four months after injection. 


THE PRESENCE OF ACID-FAST MICROORGANISMS 


As previously stated, the finding of acid-fast microérganisms in the 
lymph nodes of guinea pigs has been the chief criterion on which other 
investigators have based the diagnosis of tuberculosis. ‘The determina- 
tion of the percentage of injected animals containing these bacilli is 
difficult, as many authors fail to mention the number of animals ex- 
amined. However, if all of the mentioned animals are put into one 
group, it appears that these microérganisms have been found in about 
35 per cent of the animals examined. . 

We have found acid-fast microérganisms in a similar percentage of the 
lymph nodes of the injected animals. But we have also found similar 
microérganisms in the lymph nodes of normal guinea pigs. 

Cooper and Petroff, who have coincidently been investigating this 
subject, have studied this particular point with great care. They have 
found acid-fast bacilli, similar in appearance to tubercle bacilli, in the 
lymph nodes of 36 per cent of a large series of animals previously in- 
jected with filtered tuberculous material. But they have also demon- 
strated similar bacilli in the lymph nodes of 33 per cent of normal, un- 
injected animals. As the percentage of positive findings is about the 
same in both series they are inclined to believe that this bacillus is some 
nonpathogenic microédrganism, such as the timothy bacillus, and not a 
regenerated form of a previously filterable tubercle bacillus. It is 
interesting that the percentage of positive findings of acid-fast bacilli 
by these authors should correspond so closely with those previously 
reported. 

Their attempts, as well as ours, to cultivate and identify this micro- 
organism have been, to date, unsuccessful. 


DISCUSSION 


The actual results in our series of experiments would lead to the same 
conclusions arrived at by other investigators if we used the same criteria 
of the presence of tuberculosis in guinea pigs. A large percentage of the 
animals receiving filtered tuberculous material have died. Many of these 
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have been cachectic at the time of death. Acid-fast microdérganisms have 
been found in the lymph nodes of about a third of the animals examined. 

We do not, however, feel that these results quite warrant the assump- 
tion that there is an invisible form of the tubercle bacillus, capable of 
passing through a filter candle, and capable of infecting and killing 
guinea pigs. In all of our series of animals that have died following the 
injection of various filtrates we have demonstrated the presence of 
lobular pneumonia in microscopic sections. In nearly all we have 
recovered from the lungs microédrganisms of known pathogenicity for 
guinea pigs. The type of lesion, which may at times suggest tuberculosis 
in the gross, is, in the great majority of cases, identical in microscopic 
section with the lesions observed by Theobald Smith (9) in spontaneous 
pneumonia of guinea pigs. Branch (10) has also recently described 
similar lesions. Acid-fast stains were made of the lungs in each in- 
stance, and nothing even remotely suggesting a tubercle bacillus was 
ever found. 

It is well known that guinea pigs are very susceptible to respiratory 
infections when placed together in cages, and it has-often been sug- 
gested that the injection of relatively large amounts of fluid increases 
this susceptibility. 

It would therefore seem more rational to attribute the cachexia and 
subsequent death of the filtrate-receiving animals to the presence of 
this existing, visible, recognizable disease rather than to some coincident, 
but invisible, disease produced by a filterable form of the tubercle bacil- 
lus. This argument is strengthened by the fact that a similar mortality 
rate occurred in the normal control animals and in a group of animals 
receiving sterilized filtrate. 

In view of the work of Cooper and Petroff ik to a limited extent, 
our own observations on the presence of acid-fast microérganisms in the 
lymph nodes of normal guinea pigs, we feel that the finding of these 
microdrganisms should not be interpreted as indicating the presence 
of a tuberculous infection, particularly as these microérganisms can 
apparently exist within the animal without the slightest microscopic 
evidence of cellular reaction. 

Our conclusions are based on experiments in which Berkefeld filters 
have been used. Most other investigators have employed the Chamber- 
land L3 candle. It is, of course, quite possible that a form of tubercle 
bacillus exists that can pass through the latter, but not the former. 
However, as our actual results coincide so closely with most of those 
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previously published, it is possible that the interpretation of these results 
is the only point of variance. 

Nevertheless, some of these experiments are being repeated, using 
the Chamberland L3 filter. And attempts are still being made to isolate 
and identify the acid-fast inhabitant of guinea-pig lymph nodes. 
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A POSSIBLE SOURCE OF SO CALLED SPONTANEOUS 
TUBERCULOSIS IN GUINEA PIGS 


HENRY SEWALL 


During investigations carried on in the Research Department of the 
National Jewish Hospital at Denver, Colorado, five years ago, the exist- 
ence of tuberculosis was found in a notable proportion of guinea pigs 
which had been confined in the laboratory for many months, but which 
had never been intentionally inoculated with tubercle bacilli. This ex- 
traordinary development of “spontaneous” tuberculosis led to a sum- 
marization (1) of the problem, and to prolonged efforts to determine the 
constitutional and environmental conditions which might affect the 
susceptibility of guinea pigs to tuberculosis (2). 

It may fairly be held that the experiments referred to were so numer- 
ous and controlled as not to be materially invalidated by the adventi- 
tious inclusion of cases of ‘‘spontaneous”’ tuberculosis, a contingency 
which was constantly in mind. 

Though many interesting facts developed in the course of these re- 
searches, we were compelled to realize that their prime object, determina- 
tion of the rationale of spontaneous tuberculosis, had failed. 

Quite recently, however, through pure accident, a suspicion has been 
aroused which, if verified, would go far toward removal of all mystery 
from a practical problem which is everywhere assuming increasing 
importance. 

With a reluctance that is easily understood, the writer ventures to 
assault scientific convention by deliberate exposition of a suspicion for 
whose truth no proof can be furnished. Nevertheless, a danger recog- 
nized can be more easily avoided, and a warning may be not without 
its profit to others. 

The conception that animals kept for experimental purposes,—and 
specifically guinea pigs,—are affected both by the chemical adequacy 
and the biological purity of their food, and by the disease-factors which 
may be carried by their human handlers, is so elementary that it has 
been habitually ignored in discussions of the origin of accidental 
tuberculosis. 
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In institutes for biological research the animal commissariat imposes a 
weighty economic problem. To provide adequate food, and intelligent, 
faithful and healthy attendants involves an outlay of time, trouble and 
expense which the budget is not apt to represent. 

In institutions devoted to the care and study of tuberculous patients, 
the very grass of the lawns about the buildings, if used as food, may be 
contaminated with sputum. 

It is obvious that edible refuse from the dining rooms must seem, 
to the uninformed, appropriate ration for the animals. With a large 
number of irresponsible and ever-changing employees who handle the 
food there must occur many chances of infectious aliment reaching the 
animal room. 

Where large numbers of dogs as well as rodents are maintained, it is 
easy to confuse the food-stores of the two classes, so different in their 
susceptibility to tuberculous infection. 

The Director of the Research Department of the National Jewish 
Hospital recognized these contingencies, and, at the outset, laid down 
definite rules for the supply of food for the numerous animals maintained 
for experimental purposes. 

One such regulation forbade the feeding of rabbits and guinea pigs 
with any materials taken from the patients’ dining-room. 

One of the basic animal foods in use is stale bread, bought as such by 
the loaf in the market, and kept in a special bin in a clean part of the 
animal room. 

On a recent occasion the writer, in looking over his guinea pigs, found 
the usual bread ration lacking in one of the cages. Reaching into the 
bin for a small portion, he drew forth a slice of bread which proved to be 
buttered; and thereby hangs the tale! 

Subsequent investigation, while failing to yield positive evidence, 
did not lift the suspicion aroused by the buttered bread that there had 
been unwarranted additions to the bread-store from an infected source. 

Not to bear too heavily on the imagination to account for our own 
examples of ‘‘spontaneous” tuberculosis in guinea pigs, the suspicions 
as to its origin which have here been expressed are strongly supported by, 
thus far unreported, experiences elsewhere. 

Thus, some years ago during a dearth in the supply of guinea pigs, 
I was able to obtain a score or more of the animals through the courtesy 
of a tuberculosis sanatorium caring for 300 patients. These guinea 
pigs were taken from an outdoor, well-ventilated breeding-house. Within 
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a short while it was proved that several of the animals were suffering 
from tuberculosis. 

In relating my own mishaps to the trained pathologist of a tuber- 
culosis hospital maintaining 1000 or more patients, he detailed an ex- 
traordinary personal experience in which some 60 guinea pigs, including 
a few which had been artificially inoculated, all developed tuberculosis 
under his observation! 

The conclusion is sufficiently obvious: 

In establishments which harbor tuberculosis patients and in which 
the animal caretakers may be tuberculous, meticulous precautions 
should be exercised to assure that guinea pigs kept for experimental 
purposes should be maintained in an uncontaminated environment; the 
food supply should have had no contact with the subjects of tuber- 
culosis, nor, it may be assumed, should persons with tuberculosis be 
allowed to care for them. 

If we write children instead of guinea pigs, it will be admitted that the 
conditions under suspicion would sufficiently explain the advent of ali- 
mentary and contact tuberculosis. 
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BLOOD-VOLUME AND PULMONARY TUBERCULOSIS 
W. P. WARNER! 


The clinical observation that mitral stenosis and pulmonary tuber- 
culosis very rarely co-exist in the same patient has been noted for a long 
time. Colthrop (1), examining the records of 1097 postmortem exam- 
inations made at the London City Hospital for Diseases of the Chest, 
found only 29 in which pulmonary tuberculosis occurred with valvular 
heart diseases. Of these only 15 showed mitral lesions. Bohland (2) 
has observed in young patients, in whom mitral disease has existed for 
a long time, the later development of tuberculosis. Simon and Baum (3) 
recently state that it is true, however, that pulmonary tuberculosis 
rarely develops in the presence of mitral stenosis. The inability of pul- 
monary tuberculosis to develop with mitral stenosis present is generally 
attributed to a condition of passive hyperaemia existing in the lungs. 

A second clinical observation, which is not of as long standing, is that 
when a tuberculous woman becomes pregnant she usually begins to im- 
prove in health and her tuberculosis improves until after confinement, 
when it is the rule to have a severe spread and activity of her disease. 
The recent statistical study of Alice Hill (4), made in Detroit, shows that 
of 145 cases of pulmonary tuberculosis, in which the disease was diag- 
nosed following confinement, the symptoms of the onset of the disease 
began, in 39 cases, before conception, 30 developed symptoms during 
pregnancy, and 76 did not develop symptoms until the termination of 
the pregnancy. Whatever one may conclude about the effect of preg- 
nancy on the tuberculous woman, the fact that such a high percentage 
of women first develop symptoms of pulmonary tuberculosis following 
confinement is very significant. Certain cases are cited by this author 
in which the patient became progressively worse during her pregnancy. 
While this undoubtedly happens, it is more common for improvement 
to occur, particularly if some resistance to the tuberculous infection was 
manifest before conception took place. 

The cause of the temporary improvement in the pregnant woman’s 
tuberculosis and her relapse after confinement is not as evident. One 


1 The Colbeck Clinic, Welland, Ontario. 
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cause given for the improvement is that the enlarged gravid uterus 
raises the diaphragm and causes diminished movement of the lung, 
with resulting pulmonary rest. It is not probable that it is due to a 
general rise in bodily resistance to infection. These women show poor 
resistance to acute infections, such as influenza and pneumonia. 

According to Keith (5) and others, the outstanding example of an 
increased blood-volume occurs in women during the course of their 
pregnancy. The blood-volume and blood-chlorides increase until 
shortly before term, when they return to their former values. The fall 
in the blood-volume occurring at or shortly before confinement, and not 
accounted for by loss of blood, comes at a time when the great majority 
of women first become clinically tuberculous. That is, the symptoms of 
pulmonary tuberculosis appear for the first time, or, if they have become 
evident, are much aggravated at the termination of pregnancy, when 
the blood-volume suddenly decreases. Provided a generalized increase 
in blood-volume means an increased amount of blood in the pulmonary 
circulation (and we have every reason to believe this must follow), the 
case of mitral stenosis and raised blood-volume of pregnancy have some- 
thingincommon. That is, in each case there is an increase in the amount 
of blood in the lung. We have not proved that raising the general 
blood-volume increases the amount of blood in the lungs. This has 
seemed impossible of proof, as we have been unable to devise a scheme 
for measuring, in life, the amount of blood in the lungs of human beings. 
However, on theoretical grounds, an increase in the general blood- 
volume means an increase in the blood actually in the lungs. 

These observations, along with others, led us to estimate the blood- 
volume of tuberculous patients and to attempt to influence it. , 


Method 


The method used was that of Keith, Rowntree and Gerharty (5); only we used, 
at Dr. Keith’s suggestion, congo-red instead of vital-red as originally de- 
scribed. The method consists of injecting a known amount of dye intra- 
venously, and, after 3 and 5 minutes have elapsed, taking blood, and compar- 
ing the amount of dye in it with a standard. Congo-red was satisfactory, and 
readings were not taken on the same patient at closer intervals than one week, 
as traces of the dye were found in the blood as long as this after a previous 
injection. Consistent results were obtained, the main difficulty being with 
haemolysis, which of course, if present, rendered all readings impossible. The 
details of the technique will not be described, as they are similar to the original 
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method of Keith. Suffice it to say that the blood- and plasma-volumes are 
estimated by injecting a known amount of dye intravenously, which remains 
in the blood-stream unchanged for some time. Samples of blood are with- 
drawn at 3 and 5 minutes after the dye is injected. By comparing these, 
colorimetrically, with a standard, the amount of the original dye as diluted is 
readily calculated; that is, the volume of the diluting fluid, blood and plasma, 
is estimated. 

The tables that follow show blood-volume values in tuberculous patients 
and in a control series of nontuberculous patients. Then we attempted to 
increase blood-volume in tuberculous patients. The results of these experi- 
ments are also given. 


TABLE 1 


PLASMA BLOOD 

DISEASE VOLUME TOTAL BLOOD VOLUME 
PER CENT OF VOLUME PER CENT OF 

BODY WEIGHT BODY WEIGHT 


4,669 
6,520 
6,520 
2,019 
5,259 
2,777 
6,439 
4,370 
5,500 
5,500 


Normal 

Normal 

Duodenal ulcer 
Pernicious anaemia 
Normal 

Tabes 

Secondary anaemia 
Normal 

Normal 

Syphilis 
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BLOOD-VOLUME VALUES IN NONTUBERCULOUS PATIENTS 


Table 1 shows 10 nontuberculous patients, with disease (if any) noted 
and blood-volume values given. These are unselected cases, taken as 
patients suitable for blood-volume determination were available. They 
represent the average values found if routine blood-volume determina- 
tions are made. ‘The average for the 10 controls, for plasma percentage 
of body weight, is 4.7; the whole blood percentage of body weight is 7.5. 


BLOOD-VOLUME VALUES IN PULMONARY TUBERCULOSIS , 


In table 2 the blood values and stage of the disease will be found. In 
many of these repeated determinations were made. 

It will be noted that the average of the 10 cases for plasma percentage 
of body weight is 4.08, and whole blood percentage of body weight is 6.79. 
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ATTEMPTS TO INCREASE BLOOD-VOLUME 


There appeared to be no appreciable decrease in blood-volume as a 
percentage of body weight in the patients with pulmonary tuberculosis 
as compared with a series of nontuberculous patients. There was, 
therefore, no deficiency of blood below normal in the pulmonary circu- 
lation, which was demonstrable, to account for these patients not being 
able to combat their tuberculous infection. However, it appeared 
probable that if the blood in the pulmonary circulation could be in- 
creased, as it is in mitral stenosis and during pregnancy, a decided bene- 
ficial effect might be expected on the tuberculous disease. We, there- 


TABLE 2 


PERCENT- 

CLASSIFICATION OF PULMONARY AGE OF 
DISEASE BODY 

WEIGHT 


ce. 


Far advanced, fibroid 2,526 : 4,210 
Far advanced, fibroid 1,845 ‘ 3,416 
Far advanced, fibroid-caseous, 1,616 : 2,308 

active 
Far advanced, fibroid-caseous, 1,200 1,712 

active 
Far advanced, fibroid 2,977 . 4,380 
Far advanced, fibroid 2,291 : 4,580 
Far advanced, fibroid 2,361 ; 4,116 
Moderately advanced, fibroid 3,275 i 5,275 
Moderately advanced, fibroid 2,175 ; 3,750 
Moderately advanced 23363 3,750 
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fore attempted to increase blood-volume in patients suffering from 
pulmonary tuberculosis. 

Rowntree’s (6) experiments on water-balance showed that normal 
saline solution in large quantities, with hypodermic administration of 
pituitrin, gave convulsive seizures with high blood-chlorides. The 
warning was given about using pituitrin and salt solution in human 
beings, particularly postoperative cases. Convulsive seizures also occur 
in the pregnant woman with elevation of blood-chlorides. Harding (7) 
has found that when eclamptic convulsions appear in the pregnant woman, 
with high blood-chlorides and a blood-volume raised above normal, re- 
covery occurs from the eclampsia when diuresis is obtained on a salt-free 
diet. In the hope that the convulsions of eclampsia and of the salt 
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B. 7.3 = 

J. K. 5.8 
5.3 
W. 3.3 

6.5 a 
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6.4 
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and water intoxication might both occur when an increased blood- 
volume is present, certain experiments were undertaken. Sodium 
chloride and water, in large quantities, were given by mouth and pitui- 
trin, hypodermically, to decrease kidney excretion. These were given 
over a long period of time to tuberculous patients, as the short animal 
experiments of Rowntree had failed to influence blood-volume. 

The patients were given, by mouth, 5000 cc. of water per day with 
6 drams of NaCl, and 0.5 cc. of pituitrin was administered hypodermi- 
cally morning, noon and night. This was continued for from five to 
thirty days, depending on the symptoms of the patient. The carbon- 
dioxide combining power of the blood, the blood-chlorides, and the blood- 
volume were estimated. The following table shows the results in one 
patient who was treated for 34 days. 


TABLE 3 


PLASMA 
PLASMA CARBON VOLUME 
CHLORIDES DIOXIDE PER CENT OF 
BODY WEIGHT 


BLOOD VOLUME 
PER CENT OF 
BODY WEIGHT 


61.6 3.8 
November 11 


November 22 3.9 
December 1 y 58 4.3 


Another case showed an increase in blood-volume from 5.9 to 7.6 per 
cent body weight. These patients and others were very uncomfortable 
during the time they were receiving pituitrin, salt, and water. They 
complained of general aches and pains, and very severe headaches. 
These were so pronounced that in all cases the treatment had to be dis- 
continued. There appeared to be a slight increase in the blood-volume 
in the two cases cited, amounting to 407 and 1064 cc. However, the 
patient’s severe symptoms made it unwise to continue this attempt to 
increase blood-volume. 


DISCUSSION 


This series of cases is rather small to draw definite conclusion from. 
However, if blood-volume in pulmonary tuberculosis was altered to any 
extent from the normal it would be shown in such a series. The at- 
tempt to influence blood-volume with the ingestion of salt and water and 
pituitrin, hypodermically, over a considerable period of time appeared 
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to increase it slightly. Very severe headaches and general disturbances 
made us deem it unwise to continue experiments. 

Pulmonary tuberculosis and mitral stenosis occur ‘nfrequently, in the 
same patient, at the same time. The majority of women, who become 
clinically ill of pulmonary tuberculosis in connection with pregnancy, 
do so after the termination of their pregnancy. Many tuberculous 
women appear to improve while pregnant, to become worse after con- 
finement. It appears that mitral stenosis and pregnancy have one thing 
in common, namely, that there ismore blood in the lungs. This appears 
to have a beneficial effect on pulmonary tuberculosis. Reasons for this, 
that have suggested themselves, are that if the vessels of the lungs are 
well filled they will act as a splint, thus causing pulmonary rest which is 
treatment par excellence for tuberculosis. Krause (8) ina summary of the 
pathology of tuberculosis cites Carrell as authority for the statement 
that monocytes in culture grow as monocytes. However, if these cells are 
subject to pressure and packed together they change into fibroblasts. 
It is possible that the increase in blood in the lungs, by increasing pres- 
sure, causes the formation of more fibrous tissue in this way. 

At present we have no satisfactory practical way of increasing the 
blood in the pulmonary circulation. Barbour (9) has proved that the 


emotions, such as worry and fatigue, reduce the blood-volume as esti- 
mated by blood-concentration methods. The avoidance of these two 
conditions, so essential to progress in treating pulmonary tuberculosis, 
may here find an added justification. 


CONCLUSION 


1. Blood-volume determinations on patients with pulmonary tuber- 
culosis show results that are within normal limits. 

2. An attempt was made to increase the blood-volume in tuberculous 
patients with the administration of sodium chloride and large quantities 
of water by mouth, along with hypodermic injections of pituitrin, over a 
period of two weeks or more. This appeared to increase the blood- 
volume slightly, but the method was accompanied by so much sys- 
temic disturbance and very severe headaches, that it was abandoned as 
dangerous. Other means of raising the blood-volume are now under 
consideration. 

3. The cause of the infrequent occurrence of pulmonary tuberculosis 
and mitral stenosis in the same patient at the same time is attributed 
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to the increased amount of blood in the pulmonary vessels. The im- 
provement often seen in the tuberculous woman when she becomes 
pregnant, and the frequent exacerbation at the termination of her preg- 
nancy, are similarly explained by an increase in blood in the pulmonary 
vessels after conception and a marked diminution in this blood after 
confinement. 

4, A possible explanation of the beneficial effect of increased blood in 
the pulmonary vessels is that the distended vessels act as splints in the 
lung, giving increased pulmonary rest. Another possible explanation is 
that the distended vessels actually increase the pressure in the pulmonic 
tissue, this increased pressure changing the monocytes of the tubercles 
into fibroblasts more readily. 

5. No satisfactory practical method is as yet available to increase the 
blood in the pulmonary vessels in tuberculous patients. 
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THE LEUCOCYTIC REACTION OF THE TUBERCULOUS 
PATIENT FOLLOWING THE INTRACUTANEOUS 
INJECTION OF AOLAN 


W. F. PETERSEN anp S. A. LEVINSON! 


Miiller (1) observed that an intracutaneous injection of a bland pro- 
tein is followed by a transient leucopoenia. The reaction is less apparent 
when the injection is given subcutaneously. The mechanism, according 
to Miiller (2), involves a reorientation of the autonomic apparatus, 
whereby the splanchnic region undergoes stimulation (parasympathetic) 
and thé peripheral region becomes sympathetically oriented. During 
this time, when the peripheral arterioles and capillaries are contracted, 
the leucocytes tend to disappear from the body surface and accumulate 
in the lungs, liver, and general splanchnic region. 

In previous communications (3) we have pointed out certain facts 
dealing with disturbances in the autonomic balance made evident in a 
study of the blood-pressure. In the present paper we wish to present 
the findings on the same group of patients when the leucocytic curve 
was followed for one hour after the intracutaneous injection of aolan 
(a sterile milk preparation). As in the previous paper, the patients 
were grouped according to the clinical classification of minimal, moder- 
ately and far advanced and also on the basis of the weight curve. 

Chart 1 illustrates the composite leucocytic curves plotted for the cases 
as based on the clinical condition. 

It will be noted that the average control leucocyte count increases 
progressively from 8,000 for the minimal to 10,000 for the moderately 
advanced, and 11,400 for the far advanced cases. The total gain at the 
end of the hour is greatest for the minimal cases (20, as compared to 10 
and 11 per cent for the other two groups). 

In studying the curves it should be emphasized that we are dealing 
with a shifting of the distribution of the leucocytes, that is, from the 
periphery to the internal organs and vice versa, not with a sudden new 
formation. 

! Department of Pathology, University of Illinois, College of Medicine, and the Research 
Laboratory of the Municipal Tuberculosis Sanitarium, Chicago. 
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In the minimal cases the splanchnic parasympathetic effect is appar- 
ently negligible; there is no appreciable peripheral constriction. In the 
moderately advanced group the automatic instability is obviously much 
more marked, and we observe a distinct drop in the curve, followed by 
an increase. 

Here evidently the vagotonic reaction of the splanchnic region is much 
more marked, and with it the contraction of peripheral vessels and 
peripheral leucopoenia become more apparent. 

When we turn to the far-advanced cases, we have a group which in 
general is chronic in type. Many of these patients in the hospital were 
gaining weight or were stationary. Of the total number of far-advanced 
cases (39) only 20 per cent were losing weight. Consequently these 
represent, to a certain degree, selected resistant material. The vago- 
tonic drop is no longer apparent as it is in the moderately advanced group. 

When we turn to the classification based on the weight curve, we find 
a totally different picture. We are now dealing with mixed groups of 
minimal, moderately advanced and far-advanced cases in each series. 
Asa result, the initial leucocyte level is practically identical, being 10,073, 
10,250 and 10,715. When we study the curves, however, we find that 
both for the gaining and the stationary groups the initial reaction is not 
indicative of a marked vagotonic effect, but as soon as we turn to the 
losing group we find a sharp drop in the curve. 


DISCUSSION 


When proteins are injected into a normal individual, a transient re- 
distribution of the circulating leucocytes is effected. Apparently a 
splanchnic stimulation (splanchnic parasympathetic effect) takes place 
and leucocytes accumulate in the liver, spleen, lungs, etc. During this 
time a peripheral leucopoenia obtains. When the splanchnic response 
is very great, the peripheral leucopoenia is marked, as we have previously 
demonstrated (4). The degree of shifting of the leucocytes gives us, 
therefore, some measure of the relative stability of the autonomic bal- 
ance. With great stability no marked fluctuations are to be expected. 
The reaction is of course closely akin to the Widal haemoclastic crisis. 
These groups of composite curves for tuberculous individuals would 
seem to indicate that, when classified on the basis of the clinical stage, 
the minimal group is relatively stable, the moderately advanced group 
less so (with a splanchnic parasympathetic increase), while the far ad- 
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vanced cases again appear to be more stabile (chronicity, with adequate 
adrenal function and general sympathetic status). 

The leucocyte curves, made on the basis of the weight-curve classifica- 
tion of these same patients, suggest that the patients that are gaining or 
are stationary have a minimal parasympathetic response, while the 
group that is losing shows an exaggeration in this direction. 

Differential counts, made before the injection, and 30 minutes and 1 
hour after the injection, show practically no change in the proportion 
of polymorphonuclear leucocytes to lymphocytes, confirming the as- 
sumption that we are dealing largely with a shift in distribution between 
the periphery and the splanchnic region. 


CONCLUSIONS 


A study of the leucocyte curves of tuberculous patients, following an 
intracutaneous injection of aolan, indicates that for the minimal, moder- 
ately and far advanced cases, an increased splanchnic parasympathetic 
effect is associated with the moderately advanced group. When ex- 
amined on the basis of the weight-curve grouping, the losing group ap- 
pears to be the only one showing marked splanchnic parasympathetic 


effect. 
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THE RESORCINOL FLOCCULATION TEST FOR ACTIVITY 
IN TUBERCULOSIS! 


ADELAIDE B. BAYLIS anp WARD J. MacNEAL 


During the periods of activity of human tuberculosis the composition 
of the blood is altered in such a way that the blood-serum produces a 
cloud when mixed with any one of a number of reagents. Daranyi (1) 
tested a number of substances in -this category and he selected ethyl 
alcohol as the most useful reagent. However, the dilution of the alcohol 
needs to be very precise and the method seems not to have been widely 
employed. Montank (2) in 1924 reported the use of tricresol as a reagent 
for the precipitation test in tuberculosis, and suggested the value of 
various phenols for this purpose. Vernes (3) undertook in 1923 to apply 
to tuberculosis the principles of his flocculation test, as developed in 
relation to syphilis, and after many empirical observations selected 
resorcinol, CsH, (OH)., as the most useful reagent for his purpose. The 
principles and technique of the Vernes test were presented by Baylis (4) 
in 1927. 

The chemically pure, perfectly colorless resorcinol is dissolved in 
doubly distilled water, 1.25 gm.in100cc. The solution remains colorless 
if protected from light, and when so protected it does not need to be 
freshly prepared. One measures out 0.6 cc. of clear serum into a small 
tube, and then adds an equal volume of the 1.25 per cent solution of 
resorcinol, delivering it gently from the measuring syringe. The mate- 
rials are mixed by inverting the tube, and at once the optical density 
of the mixture is read in the photometer of Vernes, Bricq and Yvon. 
The mixture is returned to its respective tube, closed with a rubber 
stopper, and allowed to stand four hours at 20°C. The optical density is 
again read in the same instrument. The increase (final reading minus 
first reading) in optical density, as indicated by the scale reading in 


1 From the Department of Laboratories, New York Post-Graduate Medical School and 
Hospital, and the Department of Medicine, Columbia University, New York City. 

? Presented at the annual meeting of the American Association of Pathologists and Bac- 
teriologists, Washington, D. C., May 1, 1928. 
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milligrams of flocculated material per cubic centimetre of liquid, is the 
Vernes reading for that specimen. 

According to Vernes, this reading is less than 15 in normal persons, 
between 15 and 30 in various disease processes possibly tuberculous, and 
above 30 in actively progressive tuberculosis. He recognizes, however, 
that high readings are found for a short time in the primary stage of 
syphilis. 

More recently, Baylis (5) in our laboratory has devised a somewhat 
simpler technique, which does not require the use of the expensive 


TABLE 1 
Photometric measurement of resorcinol flocculation in tuberculosis 


SCALE 3 COMPLICATED DOUBTFUL 
TUBERCULOSIS TUBERCULOSIS 


Above 109 
100 to 109 
90 to 99 
80 to 89 


70 to 79 
60 to 69 
50 to 59 
40 to 49 


30 to 39 
20 to 29 
10 to 19 
Below 10 


23 


photometer. For this test 0.5 cc. of the resorcinol solution is gently 
poured on to 0.5 cc. of the patient’s serum ina smalltube. The mixture 
is then rapidly passed from one tube to the other and back again. The 
container is closed with a rubber stopper and allowed to remain in the 
room four hours and in the refrigerator over night. In the morning it is 
again placed in the room without shaking and allowed to rest until the 
water of condensation has disappeared from the exterior of the tube. 
Reading by the naked eye is recorded as negative, plus-minus, one-plus, 
two-plus, three-plus, four-plus, or atypical, according to the quantity 
and quality of the sediment, as it is possible to recognize an atypical 
precipitate consisting of large flakes, which is regarded as of questionable 
value in diagnosis. 


ARRESTED 
TUBERCULOSIS 

23 0 3 0 

21 i 1 0 

22 2 2 0 

24 0 1 0 

34 3 1 0 

33 5 13 0 

15 4 6 0 

16 1 0 

17 1 0 

16 4 9 1 

17 0 9 3 

16 2 10 8 
254 = 60 12 


RESORCINOL FLOCCULATION. TEST 845 


Table 1 presents the Vernes readings on 349 specimens of blood-serum 
from patients with clinical signs of tuberculosis. The 254 specimens 
from active tuberculosis gave Vernes readings below 30 in 49 instances, 
the other 205 specimens of this group ranging from 30 to 164. In general 
the high readings here appeared to be definitely related to the activity 
of the tuberculous process. There are 23 specimens from patients classed 
as complicated tuberculosis, in whom the activity of the tuberculosis was 
somewhat variable. Sixty specimens from patients with doubtful clini- 
cal diagnosis of tuberculosis gave a variety of readings. We have been 
unable to follow the subsequent history of these patients. Twelve speci- 


TABLE 2 
Photometric measurement of resorcinol flocculation in other common thoracic diseases 


SCALE LUNG ABSCESS BRONCHIECTASIS BRONCHITIS PNEUMONIA 


Above 109 
100 to 109 
90 to 99 
80 to 89 


70 to 79 
60 to 69 
50 to 59 
40 to 49 


30 to 39 
20 to 29 
10 to 19 
Below 10 


18 21 


mens from tuberculosis patients in the state of arrest gave readings below 
30, eight of them below 10. 

Table 2 presents the Vernes readings on 96 specimens of blood-serum 
from patients suffering from respiratory diseases other than tuberculosis. 
The asthmatics, on the whole, gave low readings except those who were 
receiving tuberculin treatment, and it would appear that the flocculation 
test may be of value in differential diagnosis of a complicating tuber- 
culosis in this group. On the other hand, our experience with the test in 
lung abscess, bronchiectasis, bronchitis, and pneumonia, so far, does not 
justify ascribing much importance to it in the differential diagnosis of 
these conditions in respect to a possible complicating tuberculosis. 


. 
| q 
ASTHMA 
3 0 0 3 0 } 
0 0 0 1 0 q 
0 0 2 2 0 4 
2 1 1 1 0 
6 0 0 3 1 3 
0 2 2 1 0 4 
3 2 2 3 0 : 
2 2 0 3 0 : 
1 2 2 1 4 q 
0 1 1 1 6 a 
1 0 2 0 16 ; 
0 0 0 2 8 ; 
Total....... 35 a 
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Table 3 presents Vernes readings on 224 specimens of blood-serum 
from persons presenting various clinical conditions as well as some healthy 
persons. In the group of malignant neoplasms, 8 of the 13 specimens 


TABLE 3 
Photometric measurement of resorcinol flocculation in various conditions 


MALIGNANT CARDIAC MALNUTRI- 
TUMOR | DISEASE TION 


Above 109 
100 to 109 
90 to 99 
80 to 89 


70 to 79 
60 to 
50 to 
40 to 


30 to 
20 to 
10 to 
Below 10 


i4 


TABLE 4 


Photometric measurement of resorcinol flocculation compared with the simple test of Baylis 
on identical specimens 


SCALE + 


Above 109 29 
100 to 109 
90 to 99 
80 to 89 


70 to 79 
60 to 69 
50 to 59 
40 to 


SCALE MISCELLANE- 
ous 
1 0 0 0 0 5 
0 0 0 0 — 2 
1 0 1 0 0 4 
1 0 0 2 0 2 
0 0 1 1 0 11 
2 0 0 0 0 4 
2 0 2 1 0 4 
1 0 1 1 1 7 
; 0 0 0 3 0 8 
3 0 1 5 0 21 
1 3 4 6 6 41 
1 1 4 7 7 44 
eee 13 4 | 26 14 153 
TOTAL 
30 
18 
26 
20 
0 0 0 0 0 37 37 
0 1 0 2 6 26 35 
0 1 1 0 9 17 28 
0 3 3 0 7 6 19 
: 30 to 39 3 5 3 6 4 2 23 
20 to 29 14 13 4 5 0 1 37 
10 to 19 57 9 3 0 0 1 70 ) 
Below 10 62 0 0 0 0 1 63 
oo SS 32 14 13 29 181 406 
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gave readings above 30. The very high readings were obtained in ad- 
vanced malignant tumor subsequently confirmed by necropsy in some 
instances. In several of these no sign of active tuberculosis was de- 
tected. Weare convinced that the test cannot be relied upon to differ- 
entiate between tuberculosis and internal neoplasm. 

In brain tumor, on the other hand, the readings have been consistently 
low. In malnutrition the test appears to differentiate from tuberculosis 
in a helpful manner. The last column of miscellaneous specimens in- 
cludes many normals, all of which gave low readings, as well as many 
specimens from persons without adequate clinical records. 

Table 4 presents the correlation between the Vernes readings and the 
readings of the simple test of Baylis on 406 identical specimens of serum. 
The correlation is less exact than one might expect, but it is nevertheless 
fairly consistent. Four specimens with Vernes readings above 30 were 
negative by the more simple test, and 3 specimens with Vernes readings 
below 30 gave four-plus results in the simple test. Further experience 
may disclose an explanation of these discrepancies. 

In general, we regard the resorcinol test as without any claim to speci- 
ficity in a bacteriological sense. The presence of tubercle bacilli in the 
body is to be detected with greater accuracy by microscopic examination, 
by animal inoculation, and by tuberculin tests. On the other hand it is 
recognized that tubercle bacilli may be present in the body without 
serious disturbance at the moment, and that the activity or arrest of the 
tuberculous process may be the question of chief interest. Here the re- 
sorcinol flocculation test appears to offer some help. In the known 
tuberculous person it is a convenient and reasonably reliable method 
of measuring the state of activity of the tuberculous process, and it is 
in such cases that it would seem to have its greatest promise of usefulness. 
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